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hPULAE SCIENCE REVIEW. 



|he self-fertilisatiox of plants." 

Ir THE Bbv. GEORGE HGNSIiOW, M.A., F.L.S., F.G.3. 
[Plaie L] 



When the diecovery that plants had sexea became a well-recog- 
nised fact, the relative position of the stamens and pistil in a 
flower was noticed as peculiarly favouring, as was supposed, their 
union ; and in accordance with the teleological views of the last 
century, the oft-quoted generalisation was made (attributed, I 
believe, originally to Linnteus), that whether a flower be pendii- 
loua or erect, the stigma was always belcnv the anthers, so that 
the pollen might fall upon it, self-fertilisation being thus sup- 
posed to be the object in nature. 

It is worth while pointing out some objections to this idea. 
Id the first place, if nature intended the pollen to reach the 
stigma, why, it may he asked, is it allowed to faJ.i, as it would 
be applied to it with much more certainty if the anthers were 
placed in close contact with that organ, as is actually the case 
in all really self-fertilising plants, so that there would he no 
chance of the pollen being blown away by the wind before it 
could fall down upon the stigma. Secondly, how comes it that 
flowtrs are raonteeious and dicecious, that is, with their sexes 
separate, either in different flowers on the same or on distinct 
plants, respectively ? Thirdly, many flowers, though possessing 
l)oth stamens and pistil, are dichogamous, that is, the anthers 
mature and shed their pollen before the stigma is ready to re- 
ceive it ; or else tie stigma matures before the anthers. Lastly, 
a large proportion of conspicuous flowers are irregular or eLe 

" The Bubject of a paper by tlip present writer in the " Transactions of 
tbe Limucan Sodetj," to be puhlislied in tbo ensuing' volume. 
XEW 6EBIE9, VOL. III. — KO. II. B 
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highly attractive to insects, and, as has been shown by Sprengcl 
in 1790, and by various botanists at the present day, are specially 
adapted to insects wbo transfer the pollen from one flower tu 
another. 

The effects of the last-mentioned process have been ascer- 
tained and described by Mr. Darwin in his work on " Cross and 
Self-Fertilisation of Plants." He proved, by experiments, tliat 
when ordinary garden plants are crossed by others of the sarae 
stock, or by others of a diflTerent stock of the same species, tie 
offspring generally showed greater vegetative vigour in growing 
taller and in bearing more vigorous and greener foliage; while 
in their reproductive organs there was brighter and greater 
variation in colour, and often more seed was set than when such 
plants had been continuously self-fertilised. 

The results would seem, therefore, to exactly fulfil an infer- 
ence which the late Dean Herbert drew from his experiments 
with bulbous plants, and iirhich he has recorded in bis work on 
the AmatyllidecB (p. 70), aa follows: — " I am inclined to thick 
I have derived advantage from impregnating the flowers from 
which [ wish to obtain seeds, from individuals of another variety 
or another flower, rather than its own, and especially of any 
grown in different soil or aspect." 

A very considerable amonnt of literature now exists on the 
Bubject of cross fertilisation by insect agency. The beautifiil 
and exquisite adaptations exhibited by bo many conspicuous 
flowers have attracted the attention of observers, so that whoever 
gets to work to examine flowers with this object in view, is pretty 
sure of making new discoveries of special adaptations. 

So obvious, then, has the importance of insect agency been 
thought to be, that tlie inference has been drawn that cross fer- 
tilisation is necessary for flowers ; and Mr. Darwin generalised 1 
this inference into an aphorism, which may be regarded as e 
pressing the exactly opposite view to that attributed to Linnxuif I 
namely, that " Nature abhors perpetual self-fertilisation. " We I 
may contrast these opposite poles of thought, somewhat as fd- I 
iow8:^Witb LinnteuB, Nature had specially designed (most?) I 
flowers to secure self-fertilisation. With Darwin, Nature htS | 
epecially adapted (most?) flowers to avoid self-fertilisation. 

I add " most ?" because these observers do not fail to sesj 
that there are exceptions in both cases. 

Opinions have often been compared to a pendulum, whethei 
they be political, ecclesiastical, or otherwise, in that for a tira 
they run high in one direction ; but a reaction sets in and doW) 
they go, and are then carried up to the opposite extreme. Itfl 
not till both extreme forms have been well tested that at li 
the excesses in both are struck off, and the truth which in' 
underlies each is at last recogTiised, and the "golden mean" 
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1 permanently secured in tlieir combination, and the peniJu- 

1 crtmes to rest. 

Inch I believe to be the ease with the question before us ; 

' I think I can show that Darwin's aphorism is wrong in its 

reme form, if not altogether; and the object of the present 
inper is to endeavour to combine the twin truths which underlie 
the cross and self- fertilisation of plants. 

Sir. Darwin's works have gone far to strengthen the belief 
that intercrossing ia absolutely necessary for plants; and that 
if self-fertilisation be continued for lengthened periods the plant 
tends to degenerate and thence to ultimate extinction. This I 
believe to be absolutely false. Indeed, so strong is the general 
belief in the value of intercrossing, that self-fertilisation is kept 
quite in the background, if iit al! alluded to, by writers on 
this subject ; so that flowers are now usually classed either as 

ntomophiloiis," ^'.c, adapted to insect agency, or else as "ane- 

qihiloiis " or wind-fertilised, 

H^hen Mr. Darwin examined Orchids and wrote bis excellent 
>pt on their fertilisation, he was struck with the singular ex- 
ception of the " Bee-orchis " {Ophrys apifera), which is so con- 
structed as to fertilise itself; and yet this plant is one of the 
most abundant of orchids, a vigorous grower, and shows no signs 
of degeneracy at present. Another case,. amongst many others 
mentioned in his "Cross and Self-fertilisation ofPlants,"i3 thatof 
the garden pea, which is constantly self-fertilised in this country, 
md yet the papilionaceous oorolln is manifestly and specially 
■wtted to insects. Mr. Darwin alludes to Mr. A. Knight's varie- 
^tff originally obtained by crossing, as having lasted for upwards 
Hnrty years, byself-fertilisation alone; and the inference in both 
caJses is, that the effects of crossing — in the ancestral form of the 
Bcei-orchis, which doubtless required it, and in the artificial 
croBjings made by Mr. Knight — bave lasted, to the present day 
Jb the first case, and for sixty years in that of the pea. 
HUoreover, since a great number of plants are now discovered 
^Hw ID the habit of setting ^eed, and that too very freely, with- 
^P insect aid, a further generalisation has been made, that not 
only were they originally crossed, and the good effects have 
lasted till now, that is to say, for practically an indefinite series 
of ages ; but that they mvM be occasionally crossed again, or 

J will inevitaHy die out in time. 

Mow it must be carefully noted that these generalisations are 

iieiy subjective or d priori inferences, based upon the 

fimid necessity of crossing; that assumption being itself 
1 upon the vast number of adaptations to insect agency 

tch exist ; but the fact that self-fertilisation is really of wider 

"mt in the vegetable kingdom is ignored. On the other 
', the belief appears to be generally held that many flowers 
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are specially adapted {" purposed ") to prevent self-fertiliaatu 
This I am coavinced is an erroneous assumption. 

Researches into the structiue of flowers have led me to d 
the following conclusions : — * 

1. Thf. majority of flowenng plants can, an-d probaily a 
fertilise themaelvea. Independently of arriving at this coQcIt 
sion from a study of nature, I infer it from Mr. Darwin's result 
for he protected & number of plants from insects, and gives M 
lists of forty-nine species in each, the one of plants more or le 
self-fertile, and the other self-sterile without insect aid ; but 1 
adds : — " I do nut, however, believe that if all known plan 
were tried in the same manner, half would be found to be steri 
within tlie specified limits." t 

2. Very few plants are known to be phystohgicaUy 8«{ 
sterile when the pollen of a flower is placed on the stigma < 
the same flower. The genus Oncidium. is a remarkable iustaoc 
the pollen of some species having even a poisonouH action ( 
the stigma. I Linum, as Mr. Darwin has shown, is anotli 
case, and he oltserves of L. perenne that " its own pollen is i 
powerless on the stigma as so much inorganic dust."§ 

3. Several plants are knmvn to be morpholoffioally ae^ 
eterile, in that the pollen cannot, without aid, reach the stigi 
but is effective on that of the same flower. Species of Lupiz 
and Salvia are in this oonditiou. 

4. Self sterile plants froju both the above cattses caw beam 
sdf-fertiU. Various conditions appear capable of bringing thj 
about. A lowering of temperature seems to check the vigot 
of the stamens in a normally proterandrons flower, and by n( 
affecting the pistil equally, the essential organs now matui 
together. Thus Eachscholtzia, which is setf-sterile in Brazi 
became, with Mr. Darwin, self-fertile in England. The met 
withering of the corolla will often secure self-fertilisation, as i 
the case of pausies (see Plate I., fig. 12) by pressing th 
anthers or pollen on to the stigmas. The closing of the coroU 
in the evening may do the same, as with Buttercups, A na^aUU 
Cont-olvuluSf and other of the GamopetalE, in which th 
stamens, being adherent to the corolla, the latter, when \ 
fspanded in sunlight, causes the stamens to spread away f 
the pistil, and in this condition the flowers are ready to receJv 
the visits of insects ; but by closing, the corolla carries tttJ 
stamens back again, and so self-fertilisation may be secured. 

* Space will only nllow me to give but little more than tin enumeratii 
but the reader ia refarred to my pHper (loe. ek.), where eauli of Lbete o 
I'lmions is dealt with r'n rj-tetuo. 

t Lof. nt. p. 370. 

I " Animnls nnd Plants under IlouioiliciitioD," ii., p. 135, 

5 " Forma of Flowera," p. 03, 
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A very common condition is for the periantli to remain 

scarcdy at all opened, so that the stamens are never removed 

from contact with the stigmas. This is the case with 

flowering species of Veronica and CerastiuTn., while Polygouwrn 

volvuius and Hydropiper never, so far as I have observed 

lem, open their perianths at all. 

It would seem probable that plants habitually crossed in 
their native country, and well adapted for insect agency, may 
become quite independent of insects in another. Tlius the Sweet 
Pea, though crossed in South Europe, is quite self-fertile here, 
as is also the garden Pea. The genus Phueeolua furnishes a 
very remarkable illustration, for while P. I'uli/arls, the forcing- 
bean, is fully self-fertile, yet P. niuliifioTus, the scarlet runner, 
is dependent on the visits of humtle bees for its full fertility ; 
consequently for many years there have been complaints iieur 
London of the failure of the crops of scarlet runners, all sorts 
of remedies having been suggested except the right one, which 
is to abandon it altogether and to grow only the kidney bean 
instead.* 

5. Highly eelf-fertiU forms may arise wnder cultivation. 
This I take from Mr. Darwin's experiments. In cultivating 
Ipovnea purpurea and Mimulug luteus for several generations 
and comparing the results of crossing and of self-fertilisation, 
in both cases a self-fertilising form appeared which completely 
outstripped its crossed competitors. In the latter case "the 
felf-fertilised plants [of the seventh generation] consisted exclu- 
rively of this variety;" ho it was useless to continue the experi- 
ments.t 

6. Special adaptations occur for self -fertilisation. 1 have 
already mentioned a few above, such as the perianth closing or 
scarcely opening; and will now describe some taken from genera 
of the natural orders in their usual sequence. 

Kahdnculace^. — In small-flowered Ranunculi, as R. hede- 
raceus, the stamens, instead of spreading away from the stigmas, 
remain arching over them, and so shed their pollen on to the 
stigmas. The same occurs with small- Ho we red Potentillaa. 
8ome flowers first spread their stamens away, and then incurve 
them afterwards, as Agrimonia (tig. 33) and Aliemn (fig. 52). 

FuHAiiiACE.fi. — Fumaria ojidnalls. — Mr. Darwin found this 
to be perfectly self-fertile when insects were excluded. The 
stigmas resemble two horns, each of which is thrust into a 
three-sided chamber formed by the three anthers, which have 
their filaments coherent (figs. 2 and 3). 

Cbccifbk^.— Large-flowered species are adapted for inter- 

• See " Gardener** Chronicle," 1878, p. 661. 

I Far bulber tUui]«, wa " Orou and Self-FertiluaUoa of PUata." 
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crossing, though all can probably fertiliBe themselves by thci 
longer stamens. .Small and inconspicuously lowering specif 
are probably in all cases regularly self-fertilised, while some, i 
Shepherd 'a-purse, are most abundant and vigorous. The stigma 
of these are not two-Iobed, but capitate (fig. 1), 

VioLACE.E. — The genus Viula fumiBLes remarkable 
The conspicuous flowers of the sweet Violet, adapted to insects 
often fail to set seed ; but the cleistogamous buds seed profusely 
These are degraded buds of the ordinary kind, for in stron 
growing garden plants transitions can be found, as shown i 
tig. 4, which represeata a bud with tbe calys removed. Fij^ 
5 is a spurred petal, and fig. 6 a btamen with the appeil' 
dage from another bud ; but neither the i 
are now of any use. Fig. 7 is the pistil with its curved Btylft 
upon which the anthers are pressed. Fig. 8 shows the rndi 
luentary petals of a wild cleistogamous bud of Violet. Fig. 
is a stamen. Fig. 10 is the pistil, the ovary of whid 
after fertilisation swells and elevates tlie stamens, which I 
main clinging to the summit. Fig. 1 1 is the pistil with t 
anthers removed, showing the curved style, 

Viola tricolirr has not cleistogamous buds, hut self-fertilisii 
"forms " instead. H. Miiller has described onejform." Fig. 1 
represents a form of var. arvensle which I found having 
peculiar development of the placenta. It formed a pitlar-lik 
process, which rose up from the "throat" tig. 14 and pro 
truded from the orifice in the globular *' head." Pollen-tulx 
penetrated the centre of the pillar in abundance. Fig. 15: 
another form, in which the placentiferous process was lengthens 
out over the " lip," and resembled a long tongue, which thu 
licked up the pollen from the calcarate petal. 

PoLYGALiCEA — Polygolti, though clearly adapted to cro 
fertilisation, is yet often self-fertilised. The anther cells gri 
the spoon-like process on either side, and pour their pollen i 
it ; then the stigma becomes pollinated by bending back upon 
according to Hildebrand, from whom tig. 17 is taken. In o 
foim which I found, the anthers were on an exact level with t 
stigma, BO that the pollen tubes were penetrating it froi 
either side (fig. 18). 

Cabtophtllace*. — This order supplies many "weeds," an 
weeds are mostly self-fertilising. Fig. 19 represents a bud < 
Spergula an'ensis, which remained quite closed (in January 
hut was seeding freely all the while. Fig. 20 is the same wit 
(he calyx and corolla removed. Chickweed behaves in the aani 
way (fig. 21). Both of these, like Shepherd 's-purse, wi 
blossom and fi-ujt all the year round as long as the weather wt 

• See " Nature," Nov. 20, 1873. 
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permit, but often without or scarcely opening their 
the winter months. 

MALVACE.K, — Large-flowered species of this order are atronjfly 
proterandrous. Thus Malva aylvestria will have shed all its 
pollen before the stigmas are elevated ; but M. rotundijolia, as 
Miiller has «bown, is self-fertile, by the stigmas maturing simul- 
taneoutily witb the anthers, and bending down to intertwine them 
selves amongst the latter (fig. 22). The curvature of the stigma 
to secure self-fertilisation is generally due to the more rapid 
growth of the piatil under continement of tlie petals, so that the 
styles are forced back. This position is then retained on the 
expansion of the flower. 

Li!4ACEA. — Thouf^h the genus Zinum has species usually 
dimorphic and physiologically self-aterile, it must be understood 
that theee conditions are not absolute and unchangeable. There 
is DO reason for snpposiog they cannot be lost in any case, as 
indeed they often are in some. Thus the Clove Pink is strongly 
proterandrous, yet became self-fertilising in three generations 
with JMr. Darwin. Liimm perenne waa physiologically self- 
sterile with Mr. Darwin, yet Mr. Meehan has found an instance 
of its being quite self-fertile in America. Linum cathaiiicum 
on the other hand is not dimorphiu at all, and can be crossed 
or self-fertilised (fig. 23). 

G-BUANiACE^ — Our wild species of Geranium furnish inter- 
esting transitional conditions from the proterandrous state to 
the self-fertilising, the former being seen in large-flowering 
forms, as 0. prateiiae ; the latter in the smaller ones, as 0. pu- 
eillum.' The common garden Pelargoniums are usually pro- 
terandrous, ofteu strongly so, as the " oak-leaved " or " lemon- 
scented;" but pale-flowered "scarlet-geraniums" [P. sonale) 
are perfectly self-fertilised by the stigmas being scarcely 
elevated above the anthers, and recurving amongst them 

^b Oxalla and Impatiens have cleistogamous flowers. Figs. 
^B-28 represent the former, and tigs. 29-31 the latter, t 
^f Lbgituiko&£. — The papilionaceous corolla is obviously adapted 
to intercrossing, and in some cases the flowers are morpho- 
logically self-sterile ; but there are many small-flowered species 
which are self-fertilising (fig, 32). 

Rosacea. — The remarks made about Ranunculus, which has 
many stamens like the Rosacea;, apply to this latter order. 
Several small-flowered species, as Poteiitilla fragrariastrum, 
retain the incurved position of the stamens ; others, like Ayri~ 

t* For detoila, see Lubbock's " Britiali Wild Flowers in relation lo 
t For descriptioDS, see below, p. 13. 
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moBwt, spread them out on first opening, but bend them iai 
again subsequently ; while in others, though the outermost 
stamens may mature before the carpels, yet the inner will 
mature together with them, 30 tkit both intercrossing and self- 
fertilisation are possible, 

Onaorace^ — EpUobiuTfi aiigusH/olium and kirautuvi are 
proterandroua, but the small-flowered species scarcely open their 
blossoms at all, and the pollen-tubes may be easily seen pene^ 
trating the sligmas from the grains within the anther-cells, 
which thus become " glued " to the stigmas. Figs. 34 and 34 
represent the stamens and pistil of Cvrtxea Ivietiana. On fir&t 
expanding, the anthers are close to the stigma, but they after* 
wards spread away as if adapting themselves for insect fertilisa- 
lion. The stigma, however, has often become pollinated early, 
and is thus dragged to the side by sticking to the anther. 

Composite. — Contrary to the general opinion, many of thia 
order appear to be constantly self-fertilised. Fig. 36 shows how 
the stigmatic branches in the Cichortuxa; become strongly 
recurved so as to penetrate amongst the pollen-grains. Inde- 
pendently of that, however, some of the grains mostly fall into 
the " cleft." In Groundsel the stigmatic arms are ofteo 
retained below, but separate, within the anther-tube, and so 
self-fertilisation is secured. Indeed the heads of this order con- 
stitute a eure way of securing seed, for the florets can impr^- 
nate one another, which is quite equivalent to self-fertilisation. 

Labiats. — This order, with its highly differentiated corolla, is 
obviously adapted to be intercrossed, but it has, like most, if 
not all others, self-fertilising species. Thus LaTnium amplesn~ 
cavXe has cleistogamous flowers (fig. 37-39); while ScUvla' 
dandeslina has its stigmas recurved between the anthers (figa. 
40-42). pTU7iella (fig. 43) is also often self-fertilising.* 

.ScBOPHDLARlACB^ fumishcB several self-fertilisers, though of 
course, as in the Labiats;, the great variations in the corollas are 
so many special adaptations to insects. Some genera, like 
Euphrasia and Rki/nanthtta, are dimorphic : one form with a 
larger corolla has the stigma thrust forward as in fig. 44, but 
the other and smaller Sower has the stigma strongly recurved so 
as to repch the anthers (tig. 45). The common garden Galceo~ 
laria (fig. 46) is quite self-fertile, the stigma being in closer 
conjunction with the anthers; but there are several species, 
such as 0. gl/atinosa and Pavonia, forming the section 
" Apoaecos " (see " Genera Piantarum," sub nom.), which have 
the anthers disjoined with a long connective between them, «j 
that they oscillate exactly like the anthers of the genus S<dvia,i 

PatutiLACEf. — The genus Primula has several species di- 

• For descriptiona, see below, p. 14. 
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I morphic, but others, Buch as P. seoHca, are not ; and Primula 

verig and others which are usually dimorphic can become homo- 

morphic, as in fig. 47, which is a short-styied form of the Primrose 

(according to the position of the anthers), but self-fertilising in 

consequence of the style having elongated. Glaux rnivritima 

^■•{fig. 48) has the style often recurved so as to secure poilinatioo. 

^B PrtiQpicPLACB*. — P. lusilanica is self-fertilising by the 

^Htigma being recurved and dipping into the two gaping antlier- 

^■Cella, as represented in fig. 61. 

PoLTOOSAca*. — Conspicuously flowering species like the 
Buckwheat, which is dimorphic, and P. Bistorta, with pink 
flowers, are attractive to insects ; but Miiller has shown that 
. aviculare, with it« minute blossoms, and without honey- 
tnds, is self-fertilising, while P. Convolvulus and P. Hydro- 

r appear to me to be habitually clcistogamous, 
Alismace^. — The stamens of A liaTrui Plantago iu the first 
e of the flower are spread away as represented by the left- 
ktnd stamen in fig. 52, but subsequently they bend back ; and, 
_ Tthough the anthers are extrorse, they lie immediately over or 
among the stigmas, which are also bent towards them, as in the 
right hand of fig. 52. 

OHCHinACE^ — This order, as is so well known, is almost 

entirely dependent upon insect aid for fertilisation, yet the Bee 

Ophrys is self-fertilising, in consequence of the poUinia falling 

out of the anther-cells, and being retained by their glands, swing 

backwards and forwards, and so strike against the stigma (figs, 

^_|63 and 54). The other case raentionedby Mr. Darwin is Ccphul- 

^miatnthera (fig. 55), of which he remarks: — "Whilst the flower 

\^ still in bud, or before it is as fully open as ever it becomes, 

the pollen-grains which rest against the upper sharp edge of the 

Etigma (but not those in the upper or lower parts of the mass) 

emit a multitude of tubes, deeply penetrating the stigmatio 

tissue." * 

CoKMELTNACiLE. — I have figured a case of self-fertilisation 
in Tradearantia ereda, which I found at Kew (fig. 56). It 
was late in the autumn of 1876, and none of the flower-buds 
expanded. The corolla in all cases withered within the bud, 
and several of the stamens were imperfect ; the style was bent 
down beneath the shrivelled corolla, and was pollinated by one 
perfect stamen. The fmita set seed, which I sxibsequently 
grew. 

Gtikiiivi.M. — Ilordeum murinitm, as far as I am aware, is 
always cleistogamous. The filaments do not seem ever to escape 
from the closed glumes, but remain doubled or twisted back, so 
that the anthers lie in contact with the stigmas (fig, 57). 

^H • " Fertilisntion of Orcbid°," p, 106, 1st ed. 
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The preceding will be sufficient to prove that self-fertiliaatioit 
is a. great and wiJe-epread fuct in the vegetable world ; and 
that, so far as the plants themselves are concerned, they show 
no features which imply degeneracy of any kind. They are very 
abundant. Nearly all of our " moat troublesome weeds " ara 
habitually self-fertilising, and show no signs of extinction what* 
ever. Their power of propagation is simply enonnous. 

Now arises the question as to what is the right interpretatioQ 
of this fact. My idea is, that Belf-fertitiaation is the legitimate 
or primeval condition of plants; that for the sole end of plai 
life — propagation — extraneous aid is quite superfluous; and thai 
plants have become adapted to insects, is, so to say, an accii 
dental circumstance of no value at all, i>o f ar as the securing o 
a sufficient supply of seed is concerned ; that the notion that 
plants must be crossed to be kept up is a wrong surmise, which 
is not really at all borne out even by ilr. Darwin's experimentat 

Let us briefly review those results. One plant i ' 
cultivated for several years, Ipomaa purpurea, or the so-called 
Convolvulus Tuajor. On tumiug to page 53 of his work t« 
" Cross and Self-fertilisatioa of Plants," the respective height] 
of the crossed and self-fertilised individuals will be seen exhi 
bited in a tabular form. There is no steady increase in favoui 
of the intercrossed, but a series of mojdma. and minivui, Ot 
the other hand, there is a steady ilecllne in the heights of th 
crossed when a series of averages are taken for every successtn 
three years, a fact which Mr. Darwin does not seem to hav 
observed. Although the actual heights of the intercross^ 
plants were in every year greater than those of the self-fertilised 
yet the ratios taken as above proposed are as follows : For th 
first three years as 100: 74'3) for the second three years i 
100 : 77-6 ; and for the third three as 100 : 81-6. The Intel 
pretation of this can only be that while " crossing " imparted i 
stimulus to vegetative vigour, it is not pei'vianent, but at th 
above rate of decrease the crossed plants would have becom 
lowered in height, and be equal to the self-fertilised in a i&t 
more generations.* 

With M'miulus luteue a strong self-fertilising form aroa 
under Mr. Darwin's cultivation, so that it was quite useless ti 
continue the experiment after seven generations, as the sel' 
fertilised form entirely surpassed the intercrossed. 

As it was with the heights so was it with fertility. Th 
advantages gained at first were not apparent after a few gener» 
tions, and the self-fertilised, then, lieat their opponents.f 

* 100 is the o^umed stiLndHni for the intercrossed ; the ratios, theiefofl 
nppwir to show n stendv impruvemeiit in the self-furtiliied. 

t For ar^iiiuuuCd anl slatiiilici I muit aguu reSia the reader to I 
original papr ll.c). 
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Mr. Darwin did not cultivate any other plants sufficiently 
long to enable one to teat the results of the permnuency of the 
effects of crossing ; but what I wish to point out is thai 
we must not confound permanent morphological characters 
obtained by crossing with auy physiological benefit necessarily 
and much less permanently resulting from it. Mr. A. Knight's 
varieties of peas obtained by crossing may have retained their 
morphological characters by wbicli they were known in the mar- 
ket for sixty or more years ; but to imagine that their longevity 
was due to the fact of crossing, is an assumption based upon no 
proof whatever. Mr. Darwin's experiments appear to me to 
prove the exact contrary, for in no case does he show that the 
physiological effects are more than transitory, even when the 
fiffspring are fresh crossed every year ; while, on the other hand. 
Sir. Knight's peas were actually propagated for sixty years by 
self-fertilisation alone. 

The reader will now ask, " What, then, is the good o( cross- 
ing at all?" I reply, as far as the sole object of plant-life is 
concerned — that is, an abundance of seed — that the species may 
sun'ive in the struggle for life, there ia no good at all, and that 
self-fertilisation is the best and most certain method. And if 
it be asked why there are so many adaptations to insects, 1 
reply that I believe it was an inevitable response to the irrita- 
tion caused by the insects themselves. Moreover, insects often 
do more harm than good, when they discover that they can 
secure the honey by illegitimately perforating the corolla tube 
from without, 

I believe that plants would never have had conspicuous peri- 
anths at all if insects had not visited them ; but by causing a 
(otttinual flow of nutrition to the external whnrls, in consequence 
r their sucking away the juices, hypertrophy has set in, and 

e result is that Man, but not the plant, has gained the benefit, 
r he can appreciate the inniunerable beautiful forms, colours, 
and scents, which so many flowers now possess. This result, how- 
ever, is occasionally ttt a sacrifice to the plant itself, in that it has 
in some cases, but in the minority, lost the power of self-fertilisa- 
tion ; and, consequently, if a plant be an annual or bienniiil, and 
be not visited, it must succumb ia the struggle for life, and so 
perish altogether. Self-fertilising plants are mostly annuals 
and small ; both features being of great advantage in maintaining 
their continued existence. The rapidity of maturation and 
i^edding of seed is perfectly astounding, generation after 
generation being produced in a few weeks, while the absolute 

i amount of seeds produced is quite incalculable. 
Lastly, the self-fertilised plants are the only ones, as a nJe, 
which are cosmopolitan. I must refer the reader to my paper 
3b the " LinuKan Transactions " for detailed lists of localities 
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oar veedfty loch as Clickw€«d, Shepbcrd'^-piirse, Lepidium 
rvuUral^ Malta rrAundi/olia. Sciannm mi^nm^ ete^ etc., have 
enXsMsAed themselTes ; and the inference I draw is, that assum- 
ing other plants to hare trareUed with them, those which were 
entirelj dependent opon insects hare poished. as thej were not 
visited ; while those that were independent, as being capable of 
self-fertilisation, were the best fitted to sorriTe in the struggle 
for life. 

The oonclosion I have arrived at is that self-fertilisation is 
the aim of plant-life, so &r as propagation is concerned ; that 
the existence of sexes enables a plant to diflPiise itself by the 
production of independent ofispring (seeds) &r m<He readily and 
abundantly than by bolbe, and other vegetable offshoots; and that 
the chance of crossing is thus secured which induces variation 
in the offspring with greater rapidity than would spontaneously 
take place under self-fertilisation alone* 

The cross may bring with it some new physiol<^cal pecu- 
liarities, which impart a temporary stimulus to vegetative 
vigour ; but there is nothing to {Ht>ve that this effect is of 
permanent value. I believe that by the local irritation induced 
by insects, all the vast diversity of beauty of form« and mar- 
vellous adaptations have been effected ; but that this last, though 
vastly enhancing nature from the human point of view, is of no 
real value, but is often a detriment to the plant itself. Hence 
I regard self-fertilisation as being proved to be the best condition 
in plant-life, to enable a species to maintain its existence in the 
great struggle for life in the world. 
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Fid. ] . Pistil of CapseOa Bursa-pattoris to show the capitate form of stigma 
characteristic of self-fertiliBiog Ontcifene. 

ff 2. The stigmas of Fumaria officinalis: one of tbem is covered with 
pollen-graiDS. 

,^ «3. One of the groups of anthers, which form a three-sided chamber in 
which the horn-like stigmas lie and are thus directly pollinated. 

,, 4. Bud of a cleistogamous Violet with the calyx removed, from a strong- 
growing garden plant. 

,) A. A spurred petal from another bud. 

,, 0. A stamen ret^ning the nectariferous appendage, firom the same. 

„ 7. Pistil from the same, with curved style. 

„ 8. Rudimentary petals of a cleistogamous bud of a wild form of Violet 

„ 0. Stamen from same. 

„ 10. Pistil with the anthers coherent above, having been detached and 
elevated by the swelling of the ovary. 

1, 11. Pistil with anthers removed. 
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>. 12. Tta'a tricolor. The corolla had withered, so that the Bpurred petal 

hae prees^d the polteD into the ori&i^i.i^Qd ^^ remained cUugiug 

to it. Both the petal and atAinens bai-e became elevated by the 

growth of the OTary. 
,'13. This repreaents the strle and globular BLigmnlic " Lead " o! & setf- 

fertilising fonn of V. tricolor var. arvrntit, iu which the pla- 

ceotiferous ti^ue had growo up like a pillar and protruded from 

the urifice in the form of a kaoEi, Pollen tubes were peoetratitig 

the centre of the pillar in abundance. 
„ 14. Vertical section of the precedioK- 
, 15. Another self-fertiliBiug adaptation, in which the placenta bad grown 

over the " lipi" and was proloDg^d into a Mud of tongue which 

thus " licked " up the pollen from the spurred petal, 
li 18. Apes of pistil and stamena of Poli/gala vulgaris. The anthers are 

emptyinp themselvw of pollen into the spoou-sbapcd extremity 

of the Htyle. 
„ 17 (after Hildcbrand). The litigma is seen to become pollinated by 

bending back into the pollen. 
, 18. A form in which the anthers are on a level with the atigma, iniii 

which abundance of pollen-tubes had penetrated. 
„1S. A wlf-fertilising bud of Spfrjriila arfemit (Jan. 1674). 
^ SO, Same with calyx and corolla retaoved. 
y 21. A flower of Chickweed. This, as also the Spfrtpila, has the number 

of stamens reduced to three, 
h S3. The etigmns of Maloa rotundifolia repreeented as leuurved amongst 

the anthers, and becoming aelf-fertilieed. 
y SS. Stamens and pisdl of Zinurn calkarlintin. 
B H. Slomena and stigmas of Pelargnntiim toiuik. The eti)fmae are 

recurved amongst the anthers and becoming pollinated bj them. 
p 3G. Cleistogamous flower-bud of O-ialit Aoeiotrlia. 
„ 26. Oalyptriform corolla of the same. 
ii27. Anlhers of same united together by filameutoua procesa-a. (It is 

not quite clear what th&w are, but probably tiuC poll<!D-tubes.) 
f S8. Kstil of same, with anthers of two of the latter stamens in cootuct 

with the abort stigmas. The Lower aolheca are partly aborted, 

two filamenta only represented. 
M). CleiatogamoiiB Hower-bud of ImpatieTufulca. 
P 30. Same with calyx and corolla partly detaclied from the justil (after 

Bennett). 
,31. Stamens of same. 

g 83. Stamens and pistil of small-Qowered leguminous plant, such as 
Mrdicago denticulala, the ten anthers being clustered round 

the stigma, both maturing together. 
„ 33. A stamen and a flower of Agrimonia, the corolla removed, with 

stamens incurved, Home lime afler expansion. 
I, 34. Fust stage of CHrcan latetiana on -oipanaion. The anthers are close 

to the ifligniB. 
„ 36. The second stage of the mate, the anthers now spread away. The 
■tigma having been pollinated, is drawn to one ^ide by mechnnical 
tdbesion to the anther. 
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Fig. 36. Anther-tu'be and recarred stigmas, cliaiacteristic of the tnhe Citith 

racea of ComposUa, 
„ 37. Oleistogamous flower-bud of Lamium ampUxicaule, 
„ 38. Vertical section of the same, showing the stigmas lying between tbe 

anthers. 
„ 39. The pistil removed to show how the style has become bent under 

constriction of the corolla. 
„ 40. Corolla of Salvia dandettina. The essential organs are quite in- 

visible. 
,, 41. Stamens of the same. The anthers stand edgeways, so that tiis 

lines of dehiscence face each other. 
„ 42. The .«tyles removed. In one, the very long stigmas are uiiTolled 

artificially. 
„ 43. Stamens and stigmas of PruneUa mdgarw. The posterior branch is 

being pollinated. 
„ 44 Two stamens and pistil of Bhinawthvs Criattt-gtdli var. major j adapted 

for intercrossing by the stigma being protruded. 
yt 45. Two stamens and pistil of same, var. mmor^ adapted for self-fertilisi- 

tion by the stigma being reflexed. 
„ 46. Stamens and pistil of the garden variety of Calceolaria. 
„ 47. Ilomomorphic form of Primrose, which produced plenty of good seed. 
„ 48. Flower of Olaux maritima, with the stigma recurved to secure set^ 

fertilisation. 
„ 49. Side view, and 

„ /K). Front view of the pistil of Pinguicula lusiianica. 
„ 51. Pistil and the two stamens of same. The stigma is inserted into the 

anther-cells. 
„ 52. Two stamens and one carpel of Aligma PUnUago. One stamen is 

spreading as for intercrossing ; the other is reflexed, a subsequent 

condition, for self-fertilisation. 
„ 53. Ophrya apiferay showing the pollinia falling from the anther-cells in 

the position for striking against the stigmatic surfisM^. 
„ 54. Pollinium removed, showing the bend in the caulicle. 
„ 55. Stigma and pollinium of Cephalanthera, 
„ 56. Self-fertilising flower-bud of Tradesrantia erecta. The withered 

corolla is partially removed, the calyx not being represented. 

Tbe stigma is being pollinated by the one perfect anther. The 

rest are aborted. 
57. Stamens and pistil of Hordeum munnum as they occur in the per- 
manently closed florets. 




F determining the antiquity of a mountain, we have to aocer- 
tain either the period at which the mineral matter of which 
it is composed was brought together, or the epoch in which the 
mass was lifted above the surfate of the ocean. The Swiss 
Alps, for example, are largely composed of strata deposited in 
eev<;ral epochs from the Carboniferoua upwards, but these mineral 
matisea were not upheaved until the comparatively recent period 
of the Eocene Tertiary, Or to take an ilhistration nearer at 
hand. The Cotswold Hilk are mainly composed of oolitic lime- 
stone, which was once a muddy sea-hottom of the Jura?=ic 
epoch, but aaa mountain range they did not eiist before Tertiary 
times. If we regard the period of their origin as a mineral 
mass, we shall call them Jurassic; but if we consider only the 
period of their elevation, we shall describe them as Tertiary. 

If we regard only the epoch of the mineral origin of a moim- 
tain, the Malvern Hills have probably the best claim to priority. 
They consist of schistose rocks, which were deposited as sand 
and clay in an ocean which probably dates as far back from the 
Cambrian epoch as the Cambrian epoch dates from ours. 
Whether or not we accept Dr. HoU's determination of their 
Laurentian age, it is certain that the Cambrian strata, the 
oldest rocks in Rritain which contain the remains of organic 
life, succeeded them at an immense interval of time. It is 
pORsible that some portion of the Malvern ridge stood above the 
waves in Pre-Cambrian times, but proof of such elevation is 
wonting. It is clear, however, that the Malvern Hills existed 
in part before the close of the Cambrian epoch. For details on 
these points reference may be made to Phillips's " Geology of 
Oxford and the Valley of the Thames,'' and to a paper by Dr. 
HoU in the " Quart. Joum. Geol. Soc," Feb., 18()5. 

The bill for which is claimed the title of " Father of English 
mountains" is the Wrekin, which stood above the ocean in Pre- 
Cambrian times, and had attained the dignity of a joountain 
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early in tlie Silurian epoch. This hill ia only one of a aha 
twenty miles loi^j, but it ia selected as the one moBt careAiI 
studied by the writer. 

The Wrekin is about two miles soutb-west of the U)wa < 
Wellington. It rises sharply up from the Triasiic plain of Nort 
Shropshire, and stands out as the advanced guard of the auau 
rous ridges which intersect the southern half of the count] 
But it is six or seven miles distant from the main groups, i 
its isolation gives it great prominence. It is only 1,320 feet il 
height, but it ia said to be the highest moimtain in Eiirope fo 
the circumference of its base. The range of which it is th 
most conspicuous elevation is three miles in length, trendin 
north-east and south-west, and is cut into three separate e 
by two deep and narrow gorges. The Wrekin proper is on 
mile and three quarters long, and about half a mile in breadtl 
at the base. Its shape is peculiarly graceful. Viewed froj 
almost every point its outline forms an unbroken curve, Fron 
the north-west it appears like a quarter moon resting on tl» 
e.arth with ita convesity upwards. From the south-weet it pre 
sents the outline of a perfectly symmetrical arch. The legem 
runs that this arch was piled up by an industrious giant 
Science tells us that it was originally thrust up between tw 
parallel dislocations or faults as a gigantic wedge, and was buI) 
sequently rounded into its present elegant form by the hut^ 
fingers of frost, carbonic acid, and rain, working unceasingl 
through immeasurable ages. 

No authentic account of the origin of the Wrekin haa ys 
been published. A pseudo-scientific description from a loci 
guide-hook of the birth of the mountain is little less mythici 
than the legend of the giant's arch. The reader is gravely in 
formed that " when the struggling gases below the SUuria 
ocean made an efibrt to be free, a power of indescribable foro 
shook the earth, upheaving the ocean bed and throwing i ^^ 
precipitous hills above the waves ; and so, amidst boiling water 
hissing steam, and exploding gases, the \\'rekia and ita adjacen 
hills rose to their present elevation." 

The account of the structure of the Wrekin in Murchisoa' 
" Silurian System" is more rational, but it is equally erroneous 
The mountain is described as a mass of disruptive greeustOQ 
forced up into the midst of Caradoc sandstone and shale, ani 
altering the sandstone into the hard white crystalline rock callei 
quartzite, This account of the Wrekin is endorsed by I 
Geological Survey, whose map and sections of the district wor 
published during the time Murchi^iou was Director General 

According to this hypothesis, the mountain is r 

younger than the Lower Silurian strata on its flanks. But oi 
terma could more unfitly describe it than "disruptive green 
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I .fltone." GreenstoDe is a dark crystalline volcanic I'ouk, poor iu 
silica, and characterised by the large proportion of iron, mag- 
nesia, and lime contained in it. £iit the Wrekin is cbieSy 
composed of rocks of a pink, red, or grey colour, rich in silica, 
imd deficient or wanting in iron, lime, and miignesia. This 
rock, BO far from being disruptive, was deposited in beds not 
only before the Caradoc epoch, but long anterior to the much older 
Cambrian strata. Let ua examine these points in more detail. 

In modem volcanic eruptions the ejected matter is either 
felspathic or augitic. The latter is dark coloured, and contains 
a large proportion of the bases named as cbaracterising green- 
stone ; indeed, we may consider augitic lavas as the modern 
r^ireeentatives of the ancient greenstones. The felspathic 
ejections of volcanoes are either molten as lava-dowd, or frag- 
meotal as ashes and breccias. They are generally lighter in 
oolotir, and, containing less iron, are net so heavy. No essential 

I distinction can be made between ancient and modem igneous 

\ locks. Both are the result of tlie same heat forces. In all 
I volcanic action has been ejecting ashes, pouring forth 
kIs of molten lava, and injecting into fissures of the crust 
ielted matter which cannot reach the surface as lava. Beda 
r ashes, layers of lava, amorphous masses of molten rock, 
' e common products of Etna and Vesuvius, were formed in all 

[^geological epochs. The separation of igneous lOcks into vol- 
r modem, and phitonic or ancient, is arbitrai-y and unphi- 
l4»opbieal, and is furthermore calculated to mislead the student 
by suggesting that plutonic rocks were formed iiuder mysterious 
and imknown conditions. Mr. Allport has shown, by both 
chemical and microscopic analysis, that the rocks of the Wrekin 
are identical with the modem ejectamenta of volcanoes. Certain 
changes have taken place during the lapse of ages by the action 
of infiltrated atmospheric waters, but it cannot be doubted that 
(iiiginally the volcanic rocks of the Wrekin were essentially the 
same in composition and in mode of formation as the materials 
of modem volcanoes. This is one of the most important gene- 
raliiiations of recent years, and it derives additional interest 
from the discovery by the writer of the Pre-Cambrian age of 
tlte Wrekin. Mr. Allport carried back the period of existing 
volcanic action to what he considered Silurian times. In this 
paper it will be shown that in times perhaps uiore remote from 
the Silurian than the Silurian is from ours, the volcanoes of 
Shropshire ejected lava and ashes iindistinguishable from the 
products of existing craters. The fire forces may have been 
more energetic, but they produced the same results in the same 
*ay. The volcanoes which in Pre-Cambrian times covered with 
their lavas and ashes the area now called South Shropshire were 
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doubtless more quickl; thrown up, and it is not unlikely g 
to vaster proportions, than the average of existing volcaoi 
mountains, but there is no essential difference in their pbjsici 
and mineral constitution. 

It must not be supposed that the Wrekin represents a voIcaQ 
such as Etna or Vesuvius, or even such dilapidated cones as ai 
dotted over the Miocene region of Central France. In th 
Wrekin there is no tra^e of cone-structure whatever. Tb 
mountain is bedded like the limestones and shales of Wenloc 
Edge, or the Chalk strata of Susses. Even in volcanoes < 
Tertiary age, denudation has often left nothing remaining ba 
the amorphous roots or foundations of what 'was once a lofty ax 
symmetrical cone ; and in regard to volcanic mountains of a 
epoch to which the Tertiary periods are but as yesterday, we hav 
infinitely leas reason to expect any traces of the original cona 
structure. 

The Wrekin is chiefly composed of a great bedded s 
consisting of alternations of ielstones (felspathic lavas) i 
felspathic tuffs. At the north-east end are beds of voles 
breccia, alternating with fine-grained ashes. Underlying theg 
are pink and white felstones, displaying a distinct banded struo 
ture, due, it is supposed, to the flowing motion of the rock in it 
original form as molten lava. Towards the summit of the mono 
tain we come again to a hard pink breccia ; and at the summj 
the rock is a compact purple felstone. On the south-west flai 
of the hill is another exposure of tufif. The spur called I'rimroi 
Hill, the south-west extremity of the range, is composed of 
brick-red feletoue, passing, by the addition of quartz and a HtlJ 
mica, into an imperfect granite. 

These lavas and tuffs have a distinct dip to the north, or. 
little to the west of nortli, at an average angle of about 45 
The direction of the ridge being X.E. and S.W., and the strih 
of the beds being about east and west, it will be seen that th 
beds strike across the ridge at an acute angle, so that i 
direction of the range and the shape of the mountain are ; 
materially determined, as is commonly the case in mountaif 
composed of ordinary stratified rocks, by the strike and dip of tj 
beds. A section drawn at right angles across the ridge repn 
Bents the strata with a seeming dip to the north-west at a lo' 
angle. This will be readily understood when it is rememburfl 
that such a section would cut the direction of true dip at s 
acute angle. This discordance of the strike of the strata wil 
the strike of the range will remind geologists of the structure i 
the JIalvem Hills, in which schistose rocks strike north-wa 
and south-east across a north and south ridge. 

It has been shown that the volcanic rocks of the 'VS'rekJn x 
as clearly stratified as the limestones and shales of Wenlot 
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Edge ; but it must not be supposed that the beds are so regular 
and persistent. The limestone of Wenlock Edge is continuous 
and unbroken for nearly twenty miles ; and in the United 
States, the Comiferous Limestone extends from the Hudson to 
the Mississippi. But the lavas and ashes of the Wrekin form 
lenticular masses rather than regular beds. It is rarely possible 
to follow a stratum along its line of outcrop for many hundreds 
of yards. The breccias especially thin out very rapidly. But 
this is precisely what the analogies of modern volcanic action 
would lead us to expect. The layers of lava and tnflf of which 
a cone is composed, and by which it is surrounded, thin out 
rapidly towards the circumference of the volcano, and the 
coarser the material the less persistent is the bedding. Volcanic 
matter ejected under the sea, as was the case with some, if not 
all, of the Wrekin beds, is deposited more evenly and over a 
much wider area ; but the principle is the same. 

Associated with the stratified rocks of which the mountain is 
chiefly composed, are certain masses of much less antiquity, to 
which the t«rm "greenstone " may appropriately be applied. 
In ascending the Wrekin from the north-east end, we notice in 
the centre of the ridge, about midway between the north-east 
end and the summit, a bare rounded hump, which on examina- 
tion proves to be a mass of greenish dolerite or basalt, which 
has been forced up when in a molten state through the midst of 
the older bedded series, disturbing their strike, and apparently, 
in one place, reversing their dip. From this disruptive boas 
proceed several vertical dykes of basalt, three of which can be 
well seen at the north-east end of the mountain, striking 
towards the central mass. This basaltic rock was probably 
erupted in newer PalaBozoic times, but its exact age does not 
affect our present inquiry. The Wrekin existed as a distinct 
elevation many epochs before the dolerite boss and dykes were 
formed, and their bulk is imimportant compared with the muss 
of the mountain. 

The Wrekin, though mainly, is not exclusively composed of 
igneous rocks. Buttressing the ridge on both sides are certain 
beds of quartz rock, about two hundred feet thick, dipping away 
iiom the axis at an avert^e angle of 45°. They also lap roimd 
the ends, and their dip is, in every case, away from the moun- 
tain. This quartzite evidently once formed a continuous bed of 
nadstone, and, judging from the dip of the pre-existing volcanic 
strata, was deposit^ unconformably upon them. Then an up- 
beaviog force produced two cracks in the rigid crust of bedded 
felspathic rock, and pushed up between the cracks a narrow wedge, 
which, in its turn, forced a way up through the sandstone, tilting 
it off on all sides, and crushing up its lower surfece into a breccia. 
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Previous to this elevation, or perhaps subsequeutly, the aand- 
Btone was converted into quartzite. 

On its north-west side, the Wrekin, with its overlying quarts 
rocks, is bounded by a fault separating it from the Bunter sand> 
Btone, the lowermost division of the Triassic rocks of North 
Shropshire. But on the south-east the quartzit« is succeeded 
by green sandstones, formerly supposed to be of Caradoc agej 
which the writer has demonstrated to be the true Hollybush 
Sandstone of the Malvern Hills.* Not only does tliis rock con- 
tain two common Malvern fossils, Kulorgvna c'mgvlata aiid 
Serpulitea Jiaiula ; but it ia precisely similar to the Malvera 
sandstone in lithological and mineral characters. Outside of 
this band of HoUybush Sandstone is a parallel zone of shales^ 
which have been shown in the same paper t to be of Tremadoe 
age. Tlie quartzile, the Hotly bush Sandstone, and the Tremadoe 
Shales are separated from each other by faults, and, from the 
structure of the whole country, It ia clear that they were; 
successively deposited at distant intervals. The Tremadoe Shale* 
are Upper Cambrian ; the HoUybush Sandstones are probably 
Ijower Cambrian ; and the quartzite has been shown by thft 
writer J to be Pre-Cambrian. 

It was intimated early in this paper that some part of tho 
Wrekin rose above the waves in one of the Pre-Camurian epochSw 
In the lower part of the quartzite, OQ the south-east side of tha 
mountain, small pebbles of decomposed felstone, showing th<) 
characteristic banding of some of the Wrekin rocks, are ini' 
bedded. Besides this, the quartzite is wanting tmder the a 
mit of the hill on both sides, so that the eiunmit was prohablj 
dry laud during the deposition of the sandstone. These facta 
seem to point to the following sequence of events. The Pr© 
Cambrian sandstone (now quartzite) was deposited round t 
island of felspathic rocks, the partial denudation of which sup- 
plied the pebbles. Subsequently, the wedge-like uptbrust p 
viously described took place, and a north-east and sonth-wes 
ridge of felspathic rock, set in a framework of sandstone i 
quartzite, rose above the waves of the Lower-Pala>ozoic Sea, 

That rocks of the Wrekin chain formed dry land in time! 
preceding the Cambrian will be further evident from the folloW' 
ing c onsitl era t ions. In a low elevation, about two miles west o 
the Wrekin, is a good exposure of Pre-C'ambrian rocks with tbei 
usual east and west strike. These ancient strata here contain I 
band of well-marked conglomerate, consisting of rounded pebble 
of quartz, mica-schist, pink felstone, and an imperfect granita 
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The felspar rock and the granite closely resemble some of the 
K^reldn felstones and bastard granites ; but, however this may 
be, it is certain that the conglomerate, being a shore deposit, 
was derived from neighbouring land. It is clear, then, that 
some portion of the Wrekin mass — not necessaiiiy, though very 
probably, tlie actual Wrekin wedge — waw elevated above the 
Pre-Cambrian ocean. 

Figs. I & 2 are an attempt to represent two stages in the 
Pre-Cambrian history of the Wrekin. 




The wedge is now tliruat up above llie level of Iho waves, distnrhing the 
adjoining beda in ils npward motion. A ]H>rtion of the ridge forms an iKland, 
wbioh fumiiiheB pebbles to Ilie sands (afterwards quartiite) wliich ore oc- 
nimiUnting round Ils margin. 

I Whether or not the Wrekin stood above the sea in the Cam- 
^■jbrian epoch ia difficult to determine. In the Lower CambriMij 
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strata of Haughmond Hill, near Shrewsbury, the " busky hill ** 
of Shakapere's Hen-n/ IV. is a great bed of conglomerate^ 
coloured " greenstone " on the map of the Geological Survey, 
The pebbles of which this rock Ig mainly composed are of reddiaU 
felatone, reBembling some of the Wrekin felstones. This con-* 
glomerate was certainly derived from land of a similar mineral 
structure to the Wrekin, and it is only six miles distant from 
that elevation ; but it would be somewhat rash to assume that the- 
Wrekin was the only mass from which the felstone pebbles coidd 
have been derived. There is, however, no doubt that Pre-Cam- 
hrian land existed in Lower Cambrian times somewhere in the 
neighbourhood of the Wrekin. 

Emerging from the dimness of these ancient epochs, we come 
into the clearer light of the Silurian period. The dawn of that 
age shone upon the Wrekin rising sharp and lofty above the 
waves. During the Arenig and Llandeilo periods, the forces of 
the atmosphere were incessantly employed in reducing its aize 
and rounding its outlines. In a south-westerly direction, itg 
base, consisting of a framework of Upper Cambrian shales, ex- 
tended several miles. Towards the Caradoc epoch, the Wrekin 
island began to sink, and was lapped roimd by Lower Caradoi 
sandstones and conglomerates. The depression atill went on, 
Buocessive strata of the Caradoc formation overlapping eafill 
other on to the eloping Cambrian margin. In the Lower Llando 
very period the motion was reversed, and no strata were deposit^ 
round the island ; but in Upper Llandovery times depressica 
was resumed, and was continued til! the Pentamerus Limestom 
and its associated conglomerate margined the very flanks of th< 
Wrekin itself, and the succeeding deposits of the Wenlock a 
Ludlow periods probably surrounded and buried the greater par 
or the whole of the mountain. 

During the period of the Old Red Sandstone, the Wrekin ros 
again above the ocean, while the forces of the sea and air wei 
actively at work in stripping off the superincumbent layers t 
Upper Silurian rock, and once more exposing the buried moun 
tain to the Ught of day. 

Early in the Carboniferous epoch, depression once mat 
commenced, and sandstones were deposited round the Iowa 
slopes of the Wrekin, succeeded by coral-reefs and banks e 
shells. Then the surrounding sea gradually shallowed, gav 
place to low swampy land covered with ferns, lycopods, a 
fdgiUaris, and inhabited by insects. These land Biir&ces, 
oscillations of the crust, alternated with clays containing marj 
sheila and king-crabs. 

The later part of this period was marked by active vulcanise 
Numerous volcanic cones were dotted over the West-Midlan 
counties. The Rowley Hills, near Dudley, and the Clee Hills, 1 
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South Shropshire, are good iastonceB of the retnnatits of these 
eruptions. ItumediateJy to the south-east of the Wrekin, and 
forming a parallel ridge, is a great layer of doierite, which had 
been intruded amongst the Lower Carboniferous rocks, and 
ezpoeed by subsequent denudation. This mass has by eome 
Writers been lumped together with the ancient felspathic rocks 
of the Wrekin ; hut there is no reasonable doubt that it belongs 




Fig. 3 rpprespnta (he Wrekin in its 'present fonn. The wedge lias been 
fnrtber uplifted, tilling up on its flanks tlie beds of rre-Cambrian sandstone 
(now qiwrtxite). On Ihe aonth-eant, side aro aJao iieen two Enb-fonnations of 
Cambnan rook. In pwly Silurian times, the genera] tclationa of the sereral 



1. Bedded Pre-Cambrlan volcanic tulT, dipping north. 

► 3. QaarLzite. 

3. Hollybash Sandstone. 
4. BhinetoB Shales (Tremadoc). 

to the same eruptive period as the Rowley and Clee Hills. The 
disruptive boss and dykes previouely described as occurring at 
the north-east cud of the Wrekiu, are probably of the same 
epoch. The boss may, indeed, he the consolidated remains of 
the molten rock which iilled a pipe or neck, and which sub- 
sequently intruded itself between the adjacent Carboniferous 
strata, though the two masses are now isolated by the denudation 
of the intervening valley. 

In the period of the New Red Sandstone (Permian and Trias) 
the depression was continued, and the Wrekin was more or less 
buried under deposit» of red sandstone, acciumilated, in all pro- 
bability, in inland seas or lakes. These windstonea may sub- 
eequently have been covered in by the marine strata of tln^ 
—Jurassic and Cref.ieenus epochs. 
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In some period Hucceeding tbe Trias, certainlj later than 1 
Lias, probably at the clo§e of the Meeozoic, great dislocations tool 
place in a north-east and south-west direction. In very earlj 
times lines of fracture had been established at the base of Gat 
Wrekin on each side. Between two of these faults the Wrekin 
had originally been thrust up as a solid wedge of the earth'g 
crust. The disturbing forces had, during successive epochs, in 
the manner described, been acting along these lines of weaknera. 
The wedge had been alternately uplifted and depressed, and, ia 
some cases, large areas surrounding the lines of more violent 
movement had, to a greater or less degree, shared in tbe motios. 
These movements were renewed, with great violence, at the closa 
of the Mesozoic epoch. Triassic sandstones, as the result of thestf 
dislocations, now lie faulted against the base of the Wrekin, JQst 
as they lie along the eastern flank of the Malvern Hills ; and, 
farther to the south-west, Triassic, Permian, and Carboniferooa 
strata are in succession thrown down against Cambrian and 
Silurian rocks. 

During successive Tertiary ages, the Wrekin was gradually 
disincumbered of its enclosing Mesozoic envelope by the united 
action of marine and sub-aerial denudation. 

In the Glacial epoch, the moimtaio again sufierfd submer' 
gence, partial or entire. Marine sands, containing boreal shellsi 
are found on ita lower slopes, and testify to the presence of the 
ocean. .Subsequently to the formation of these deposits, ic* 
bergs from the north, laden with boulders of granite and felsitc 
were stranded against the flanks of the mountain, and deposite< 
their rocky burdens. It is also probable that the Wrekin wa4 
wholly or in part buried beneath continental ice during soms! 
part of this period. 

Last of all the sea retired, and the Wrekin made its final 
emergence from the waves. No material change has since then 
taken place ; hut the atmospheric forces have been and are still 
at work. Frost, with its million wedges in every square foot oi 
exposed surface, reduces the hardest felstone to powder. Carbonic 
acid,, dissolved in rain-water, penetrates the fel spathic rock, di9- 
solves out the alkaline ingredients, and produces gradual decay. 
Finally, the falling rain washes down the particles loosened by 
frost or softened by decomposition, and the streams that draia 
tbe mountain deposit them on the lower ground, or carry theny 
into the Severn. Thus this "vEonian hill," composed as it Is 
of hard and intractable mineral matter, is being imperceptibly 
but inevitably reduced to powder, is " drawn down " by streamy 
and " sown " as 

" The dust of continents to be." 
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THE ELECTKIC LIGHT. 

Br W. H. STONE, M.TJ. 

[Plntc U.] 



There has been no lack of material for the increased public 
interest which hae of late been exhibited in the practical de- 
velopmeDt of science ; and the last instance differs materially 
from its forerunners in the great technical and everyday im- 
portance which it possesses. Even Telephones and Phonographs 
are far exceeded in popular attention by inventions which prcf- 

jse to revolutionize the system of general illumination, and to 
iDpersede coal-gas — a means of lighting which, though introduced 

* hin the memory of many still living, has become so familiar 
' as to be unnoticed. There can be little doubt, moreover, that 
this popular excitement, though it may not have been intention- 
ally stimulated by sensational announcements, has derived a 
peculiar zest and pungency from the financial results it has 
brought about. The great depreciatioa in shares of gas com- 
panies which followed Mr. Edison's announced, but still unex- 
plained, discovery, not only set in motion the world of speculators 
E and financiers, but led the consumer at large to hope for partial 
r complete emancipation from one of his old tyrants, and for 
' e Bulwtitution of an immensely superior method of lighting. 

And yet the Electric Light is, strictly speaking, no new 
subject. Produced by Sir Humphry Davy, at the beginning of 
the century, from his large battery of 3,000 cells, it has been 
ever since an essential of tlie laboratory, and has for many years 
been occasionally exhibited in public. 

A great impetus was, however, given to its study by Fara- 
day's discovery, in 1831, of the induction of currents by magnets, 
thus dispensing with the expensive and troublesome battery. 

Machines of this nature were constructed in 1849 by Holmes, 
and by the Alliance Company of Paris, which have worked satis- 
lactorily at the South Foreland, Cape Grianez, and several other 
lightbonsea, for many years. 

The current is here produced from armatures rotating in 
iroDi of fixed permanent magneb^, arranged symmetrically round 
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them. The instrument is lai^e, cumbrous, and expensive. The 
permanent magnets are liable In course of time to weaken, and, 
indeed, the apparatus has hitheito only been utilized for the. 
single beam of the liglithoiiae. 

The system has, however, l)een revived in a modififld form 
quite recently by Mons. de Meritens. 

A great advance was made op this stage by Dr. Siemens, 
Sir C. Wbeatstone, and Mr. Vsrley, in 1867. It was shown, 
that if an induction coil be made to revolve in front of a soft 
iron electro-magnet, instead of before a permanent magnet, : 
in tbe earlier machines, the small amount of residual magnetism 
always latent in the iron, especially if it has once been magne- 
tized, causes feeble currents to be induced in the coil ; if these 
currents, or a portion of them, be sent round the iron magnet, 
into the wire surrounding it, the magnetization is increased. 
This again produces a proportionate increase in the induced 
currents in the coil ; thus by a series of successive mutual 
actions, intense magnetization and very powerful currents ar* 
produced. Alachines constructed upon this principle ofreactiotf 
have been termed " dynamo-electric " machines, as indicating 
that dynamical force is converted into electricity. For the oldet 
form, where permanent magnets are employed, the term "mag^ 
neto-electric " has been retained ; their power being limited l 
the strength of magnetization of the permanent magnets mad 
use of. This discovery, by adding considerably to the power o: 
electric machines, led to a corresponding diminution in thedl 
bulk, and also in their cast. Almost, if not quite all subsequent 
machines are " dynamo-electric '* in construction, and based o 
tlie principle of mutual reaction." 

Those of tliia kind best known in this country are tlifl 
Siemens and Gramme machines. 

In the former the armature or induction bobbin, on Dr. Sie 
mens' principle, has its enveloping wire wound lengthwise, 
parallel to the axis of rotation ; it rotates between semi-circula 
prolongations of large flat electro-mi^nets placed on either Bidj 
of it; their north pole being immediately above, the s 
pole immediately below the axis of the bobbin. It ia common! 
made of three sizes, the smallest costing £70, consuming 2-horfl 
power to drive it, and giving, with 850 revolutions per minub 
an illuminating power of 1,200 candles. The iUuminatin 
power of the two larger machines is of 6,000 and 14,000 candli 
respectively. 

The Gramme machine ia composed of an induction coil hal 
ing a ring or cylinder of iron revolring between a pair of ele«tr 
magnets. The ring is wound with a number of transverse circti 
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fvire, each of vMch when under the inductive inHueuce is 
ipped by two bruehes at a tangent to a circular commutator 
placed on the shaft, and carrying off the electricity in one con- 
tinuous direction. It is also made in three sizes, costing 
respectively £70, £100, and £300, giving the light of 2,000, 
6,000, and 15,000 candles. 

Hitherto the subject ha? been considered in regard to single 

lights ; but an important advance consists In securing the divisi- 

bility of the current so as to produce a number of lights instead 

■if one. This object has been sought for for the last twenty 

" are, but only practically solved by the LontinandtheJabloch- 

^-Gramme systems. Both these work with currents not con- 
inuoue, but in alternate directions. Indeed, the "candle" of 
M. Jablochkoff requires this aa an essential condition to produce 
the equal combustion of the two parallel carbons. The Gramme 
machines have been thereforesomodifiedastomeet this necessity. 

Mons. Lontin works on another line. He has designed two 
■ machines instead of one. The former is termed the generator, 
the latter the divider. 

The generator consists of a horse-shoe electro-magnet, be- 
tween the poles of which rotates a coil formed io a star-like 
shape, of which the projecting arms are wound with wire. A series 
of these stars is arranged obliquely along the rotating shaft, 
H> aa to obviate any abrupt break in the inductive action. Two 
mbhing contacts collect the positive and negative currents, carry- 
ing them through the fiied magnet and so to the second machine. 

This, the " divider," has a shaft carrying a series of larger 
itais with more radial electro-raagnets, into which the ciurents 
&om the generator are passed, so that they remain in a state of 
magnetic saturation. 

Each star revolves in a wrought-iron cylinder, studded on 
ita inner surface with short induction colls coiTesponding to the 
ladii of the revolving star-wheel. These are coupled together 
80 that their positive and negative poles are presented alter- 
nately to those in rotation. The residt is a number of currents 
alternate in direction and equal in number to half the rotating 
spokes. The alternating current from each ring is collected 
separately on the exterior, and conveyed to a frame where the 
various elementary currents may be coupled in any desired 
number of circuits. The usual apparatus has twenty-four discs, 
which, by being coupled in pairs, produce twelve circuits, and 
can supply twelve separate lights, or can be all devoted to a 
single lamp. 

The number of lights produced by one of these engines, which 
has a total illuminating power of 1S,000 stanilnrd candles, at the 
Western Railway io Paris, varies from six to twelve. But as 

Ey as thirty have been supplied from a similar machine at the 
08 Railway Station. 
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For the convenience of ^I. Jablochkoif, Gramme has latel 
deviaed a similar instrumeat to that described above, except 
that the revolving drum has eight flat tars of iron wound 
lengthwise witli wire placed radial);, and supplied with a c 
tinuou^ current from Gramme's original generator. External 
and concentric to these are thirty-two coils, forming one or n 
alternating circuits at will. They are, in practi(%, coopledj 
together so as to produce four. The intensity of the ma^lilM 
is that of 16,000 candles. As applied to lighting the Aveno^ 
de rOpera at Paria, by means of sixteen Jablochkoff candles, i( 
IB driven at the rate of 600 revolutions per minnle, and ja said 
to require an engine of 16-hor8e power. 

Improved methods for the production of the current are far 
more recent than those adapted for its exhibition. Indeed, 4 
mechanical lamp, hardly, if at all, inferior to those lately 
patented, dates liack as far as April 1855. The specificatJoi 
of Mr. Henry Chapman, sealed on June 1 2th in that year, is 
before us, under the title of '* An Improved Electro-raechanica] 
Apparatus for Supplying and Adjusting the Electrodee used itf 
the Production of the Electric Light." It works entirely h^ 
means of gravity, and dispenses with the costly and easily 
deranged clockwork of the Serrin,Foucault,and Siemens "lamps, 
which are all fitter for the physical laboratory than for genera) 
purposes. The comparative forgetfalnesa into which this excel*! 
lent contrivance (see Plate II.) has fallen is probably due to th( 
failiu^ of the Electric Light and Colour Company which adopted 
it, and which proposed to compensate for the expense of the bat' 
tery by producing salts of tin, and other metals useful in dyeing. 
In its day it was highly successful, and was proposed for use in 
reconnoitring the enemy's positions during the Crimean war. 

Mr. Browning has long advertised several lamps acting oo 
this simple but effective method, although he is entirely antici* 

* In the SiemeDB automfttic electric lamp the carbons are held verliciJIjt 
one over the other in the same relntivs posilioii as in the Serrin lamp. 
ude the lamp is a train of wheeU g-eariti)!' into racks formed, one ou 
Btem of the lower and the other an the stem of the upper carbon holder. 
These wheels are so arranged that, Msiated by graritj in the upper corboq 
holder, which is made suHiciently heavy, the points of the two cwbons a 
caused to remain a precise and defined dietance apart, which distnnce is coi 
stant during bumini;, aud by meaaa of which the ahortenicp of the carboni 
by combustion is regularly foUowed up. A. vane regulator or fly h used t( 
control the rate of descent of the upper carbon and the corresponding oi 
of tbe lower one. Should the carhons approach too clowly they an 
BppHrated by monns of an electro-magnet which acta upon the end of a 
uscillatintf lever, which, during its periods of osciUation, causes the train d 
wheclworh to revolve in an oppont« direction, and eo to separate the oarboa 
and to restore the voHaic arc. 
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Bited by Mr. Chapm:iii's patent, dated more than twenty-three 
s ago. 
Among the more modem systems worthy of notice are the 
Rspieff, the Werdermann, and the Wallace-Farmer. 

The last of these hsm been brought into prominent notice 
by its connection with Sir. Edison's still nndiscloBed discovery.* 
The Wallace-Farmer dynamo-electric machine divides American 
patronage with the Brush machine, just as the Siemens machine 
divides the English market with the Gramme. It comprises a 
dynamic machine as well as a special form of lamp. The lamp 
cooBists of a metal frame of brass, carrying two carbons in the 
form of slabs about nine inches long and three inches broad ; 
the upper, or positive, being about half an inch thick ; the lower, 
or negative, only about a quarter of an inch. The lower carbon 
is fixed to the bottom of the frame ; the upper is carried by a 
croes-piece sliding up and down in side grooves. It can, there- 
fore, be drawn apart from the lower to any adjusted distance, 
BO as to determine the luminous arc. \\Tien the lamp is not in 
use, the upper carbon is let down into contact with the lower ; 
but the act of putting on the current nuses it one-eighth of 
an inch, and establishes the light by means of an ingenious 
mechaJiism. The arc either starta at the point of least resist- 
ance, or may be started hy inserting a metal conductor for a 
moment between the tffo carbon edges. Once started, it subsists 
at that point until the consumption of carbon widens it to such 
s d^ree that a shorter and less resisting path for the current is 
to be found at a neighbouring point. In this way the arc 

f tave\a slowly along the whole edge of the carbon, and when it 
I the other end, it turns and comee back again. The 

V.Jtgbt can thus be maintained for one hundred hours without 

FjClunge of carbon, at a cost of about a penny per hour. 

There can he no doubt that where exact stability in position 

psf the luminous arc is not essential, this is a very chtap and 
ample method of producing the light. Messrs. Ladd Sc Co., 
»ho are the sole British agents, have exhibited it at their 

' fihoreditcli manufactory, terming it the " Workman's Lamp." 
The Wallace-Farmer duplex dynamo-electric machine con- 
tains twenty-five coils set round the armature, each coil wound 
with four separate wires, the ends of which are brought up to 
an asial commutator, so that there are one hundred " makes 
and breaks " in one revolution. It can be worked up to 800 
revolutions per minute, the power required to drive it being 
about one hundred revolutions per minute for each horse-power ; 
each hundred, or each liorse-power, being sufficient for one 
lamp. The armature, electro-magnets, and the work to be done 
are all in one I'Jrcuit. 

m • " Telegmjilic Joiinjal," Nov. 7, 1876. 
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The Bapieff burner, now employed in tlie " Times " pubUsbio 
office, shows great mechanicai ingenuity, and presents the gm 
advantage that it can be sustained for a whole night wiUiou 
change of carbons or attendance, and without alteration of i 
tensity, as the current always passes tliroiigh the same length 
wick. This wick consists, not of two, but of foiu', pencils oppose 
to one another in pairs, the upper fed by the positive, the low< 
by the negative current. The four carboDS form the figure IT 
except that the lower pair is set in a plane at right angles ti 
the upper. As the points consiune away, the carbons are mai' 
slowly to approach each other, so that the arc is always of tl 
same width, and keeps its fixed position in space. They a 
directed towards each other over small pulleys by a counterpoia 
of about throe pounds sliding down the stem of the instrumenl 
In another form, the four carbons are all inclined to each otjie 
at a variable angle, and a cylinder of lime is supported over tl 
light, which, becoming luminous, increases the illuminatii 
effect by about 40 per cent. The Rapieff also place 
apparatus under each regulator, which is simply an aiiUimatif 
arrangement for allowing the current to pass to the otha 
lamps in the same circuit, should one lamp happen to becora 
extinguished. There are sis lamps in circuit at the " Times' 
office, but Sir. Rapieff has successfully exhibited as many i 
ten. The dynamic machines of Gramme are used as excitora. 

The Werdermann light depends on a totally diS'erent principle 
When in an electric lamp, electrodes having the same sectioni 
area are used, the changes at the points between which th 
voltaic arc passes take place by a crater or hollow forming i 
the positive electrode which emits the light, the crater iti 
being heated by the current to white heat, and the eurroutidi 
part to redness, The negative electrode assumes the form of i 
cone, is only heated to redness, and emits scarcely any light 
It is found, however, that an increase in the sectional area c 
the positive electrode diminishes the light emitted by that eleo 
trode ; and if the increase be gradually continued, the Ugh 
disappears entirely, while the heating etfeot upon the negativ 
increases until it emits light. On the other hand, by i 
the sectional area of the negative electrode, the heating effefl 
decreases proportionally to the increase of its area, until th 
heat almost entirely disappears, and the consequent conBumi 
tion of that electrode is scarcely appreciable. The light giw 
out by the positive electrode, on the contrary, increases in pra 
portion to the difference between the sectional area of the t^ 
electrodes: and instead of a crater being formed in the positiv 
carbon, this assumes the form of a cone such as before t 
to the negative. The gi'eater the difference between the axea 
of the two carbons, the less is the length of the voltaic ai 
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between them, iintil at last the light is prodLced by carbons 
apparently in contact, and a email deposit of graphite is seen on 
tie negative electrode. This deposit ia about one-fourth the 
section of the positive carbon itself, and about one-eighth of au 
inch high. 

Mr. Werdermann places the negative carbon, in the form of a 
disc, two inches in diameter and an inch thick, uppermost. It 
ii clasped by a copper band attached to one terminal. The 
iwer positive electrode in a small pencil of carbon, three milli- 
itres in diameter, of any suitable length. It slides up ver- 
ally in a tube underneath the disc, projecting from it about 
■ee-quarters of an inch, this length being made incandescent 
when the current passes. It retains its point when burning. 
The carbons are kept in contact by chains passing over pulleys, 
and by a weight of about one and a half pounds pressing them 
gently into contact. 

One of the most important element-s in the economical consi- 
deiation of the electric light is the motive power. The great 
objection which lay at the root of all earlier systems intended 
to utilise electricity either as a motive power, as in Jacobi's 
boat on the Neva, or as a source of light, was the expensive 
aatiire of the fuel required. The zinc consnmed in the battery 
could only tie produced at a cost which was practically pro- 
hibitory. The " Electric Light, Power, and Colour Company," 
etarted in 1855, endeavoured to evade this difficulty by using 
tin as the negative metal and utilising the refuse product for 
dyeing purposes. But this Company, though it brought out 
th« excellent lamp of Mr. Chapman figured in the plate (PI. IJ,\ 
which contains the germ of many more recent patents, was 
commercially a failure and soon collapsed. 

It was not until the invention of dynamo-electric machineo 
had shown that motion, obtained without excessive waste, 
through tlie instrumentality of the steam-engine, from so cheap 
and abundant a fuel as coal, could be economically converted 
into electricity, that any financial comparison whatever between 
8 and the electric arc could be for a moment instituted. Even 
1 there is an obvious disadvantage on the side of the latter. 
El account of the additional conversions of energy, with their 
"" sndant leakages in heat and friction, which it necessitates. 
jtber difficulty, hardly if at all surmounted, now arises from 
ke fact that electricity, as a soinvje of light arising from intense 
1 vehement action, is dilficult to produce in moderate degrees, 
1 hard to subdivide when once produced. It ia not easy to 
! in reading accounts of a light equal to 16,000 candles 
how far this is beyond the need of ordinary illumination. 
' The first idea as to motors which occurs to the mind is the 
tilisation of great stores of energy which are dnily rimning to 
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waste in the form of rivers, cataracts, aod tidal changes. It 
remarkable that thia mine of potential energy was early worke 
for illuminating as well as motor purposes by the mecbanici 
instinct of a great engineer. 

" A very important application of the electric current," sav 
the " Daily Telegraph," " is now being carried out by Sir Williai 
Armstrong on his estate, about eighteen miles from Newcastle 
on-Tyne. The power existing in a volume of water descendin 
at the outfall of a Northumberland lake has been utilised b 
the interposition of a turbine, by means of which the requifiit 
revolutions are given to a dynamo-electric machine. Th 
electric current thus generated is conveyed through a atol 
copper wire to the private residence of Sir William at Cragsid 
— a distance of about a mile and a half. The current is ttiet 
conducted through a lamp devised on the Siemens plan, i 
whiub the regularity of the light is maintained by clockvrorti 
subject to the control of an electro-magnet, which magne 
reflects the strength or weakness of the current, so as to regulat 
the distance between the points of the carbon electrodes, i 
has been found necessary to provide a second wire to take it 
return current, so that the first cost of the light is somewhi 
large, but the working expense is very small. The light is use 
for illuminating the picture gallery at Cragside, and bad provei 
eminently successfid, not only in respect to the quantity of ligh 
afforded, but its purity of colour. In addition to this use of thi 
electric current as a source of light. Sir \V, Armstrong intend 
to avail himself of the power thus brought into his house, Ig 
applying it to several domestic purposes. This is to be accom- 
plished by means of an electric engine situated in or near th< 
house, and receiving the current transmitted from the machini 
at the lake outfall. In this way Sir William will be able i 
make a more constant use of what may be termed his electric 
' plant,' and thus may look forward to a satisfactoiy result in a 
economical respect. This example of the conversion and trans 
mission of power will be viewed with great interest, the distance 
of a mile and a half being sufficient to indicate a much mon 
extended sphere of action for the electric current than hai 
hitherto been foimd practicable." 

Immediately after hydraulic motors comes the steam-en^iiu 
in one form or another. Jlr. Shoolbred draws attention to ibi 
important point of regularity of motion, not only during ( 
revolution, but also during successive revolutions. He nottoe 
the usual precautions of double cylinders, heavj fiy-wheela, an 
sensitive governors. lA'here the motor power required is no) 
great, that is, up to about 10-horse power, a gas-engine will tx 
found convenient. 

As regards the cost of the Electric Light, Mr. Shoolhi 



I an instructive paper at the meeting of the Society of Arts, 
n December 5th. He stated that in every inatance his figures 
and particulars were those afforded by the usera of the various 
lights and not by the inventors or their representatives. In 
the case of the Holmes machine the annual coat per lighthouse 
was about £1,035, inclusive of interest, repairs, and wages. 
With the Siemens machine the annual cost was about £494 per 
lighthouse, including interest and the other expenses. With 
the Alliance machine, as used at Havre, the coat was about £474 
per annum per lighthouse, interest, &c., included. The single- 
light Gramme machine has been in use in the Paris goods 
Ftation of the Northern of France Eailway for two years. Sis 
macbines have been kept going with one light each, and the 
cost is found t-D be 5d. per light per hour, or witli interest on 
outlay at 10 per cent., 8d. per hour. The same light at the 
ironworks of Messrs. Powell, at Houen, was stated to cost 4ii. 
per light per hour, exclusive of interest and charge for motive 
power, the latter being derived from one of the engines on the 
works. In 1877 a series of experiments were carried out with 
the Lontin light at the Paris terminus of the Paris, Lyons, and 
Mediterranean Railway. The passenger station was lighted, 
and the results were so satisfactory that the company have 
entered into a permanent contract with the proprietors of tlie 
Lontin light for lighting their Paris goods station with 12 
lights, at a coat of 5d. per light per hour. The Western of 
France Railway Company have had six Lontin lights in the 
goods station at the Paris terminus, St. Lazare, since May last, 
and 12 lights in the passenger station since Jime. Careful 
eiperiments have shown the cost to be 6d. per light per hour, 
inclusive of interest. Referring to the Jablochkoff light, Mr. 
Shoolbred placed before the meeting some particulars with 
regard to its application in the Avenue de I'Op^ra, Paris, which 
were afforded him by M. J. Allard, the chief engineer of the 
lighting department of the City of Paris. It appears that the 
authorities pay the Societe Gen^rale d'Electricite 37f. 2c. per 
hour for the 62 lamps in use there. These 62 lamps super- 
sede 344 gas-jets whieh were previously used, and which cost 
the authorities 7'244f. per hour. The electric illumination, 
however, is considered as equal to 682 gas-jets, or about 
double the original illumination — that is, to a cost of 
I4-4.'if. per hour as against 37"2f. for the electric light, the cost 
of which, therefore, is 2-6 times that of the gas. The conti'act 
for lighting by electricity was terminated by the City of Paris 
on the 30th of November, and the authorities have declined to 
renew it except at the price paid for gas — namely, 7'244t'. (i 
nearly 6s.) per hour, and that only for a limited time. These 

pterins have been accepted by the Soci^t^, so that the price 
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to them will be at the rate of about 1|(Z. per light per boul 
Mr. Shoolbred stated that the Soci^t^ place their expenses t 
l'06f. (or just lOd.) per light per hour, which, however, the 
hope shortly to reduce by one-half.* A series of carefid phot^ 
metric experiments carried out by the municipal autboritie 
with the JablocbkofF lights, above referred to, showed eac 
naked light to possess a maarimum intensity of 300 candlef 
With the glass globe this was reduced to 180 candles, showin 
a loss of 40 per cent., while during the darker periods throng 
which the lights passed the light was as low as 90 candle 
The foregoing were the only authenticated particulars wbic 
Mr. Shoolbred could obtain as regards the working of th 
various systems of electric lighting. In conclusion he 
ferred to the RapiefF light at the ' Times' office, which, he oil 
served, worked fairly and with regularity, which could not 1 
said of all others, and it might therefore be entitled to talC 
rank as an established application of electric illumination. 

" The practical illustration," says Mr. Siemens in an excellett 
letter to the " Times," " of tbe power of the electrical conduotti 
serves to show the possibility of application upon a large seal 
such as I have veutured to suggest. A tnie comparison betwee 
the cost of the electric current and its rival, gas, cannot I 
instituted until central naotor stations are established in popt 
louB districts, where steam power may he produced at th 
cheap rate of two and a half pounds of coal per horse-power p 
hour, and whence radial conductors may supply the neighbour 

• Mr. Stayton'a very aeoflible report to the Veatry of the Parish of Ohel«< 
pointHOuC tbata 16-harM' jiowecengiDe in Paris Buppliea 1 6 IniupB, exactly on 
horse power per lamp; that tbe caudle itself costs 7J(J,,iiDd burns &ii houral 
B half, heinfrautomaticiilly replaced without viBibleinlemiption. TbeintenBil 
of tbe light ia 7U0 candleB without, and ona-third less with the glxhes ) theo 
dicary London street lamp only equalling 12 to IGcandloB. Each light, whi( 
imly burns from dusk to miduight, cost« tfr. 46c., i.r. Ii. 2Ji/. per hour, T 
(.'eneral cost htAng four times that of gas, but that a )rreater amount of Itgl 
is obtained. Paris, it appears from thb same report, is already much bstt 
liflbted than London. To adopt tbe electric light to Sloane Street, which 
]I,000 yards loog and 30 wide, would require two stations with lO-hoit 
power engines, and other machinery costing 3,200/. Tbe cost o" 
tenance of candles. &c., would ba 16 ahilijnga per hour for an average ( 
.1,350 houre per annum. The gas lamp now costs S^d. per hour. To ligt 
tlie Chelxea Embankment would require an outlay of 4,800/., and a 
cost of H. 4s. OJ. The present eoat is 2<i. l(rf. per hour. Sloane Street, hai 
ever, would be 31 times brighter than At present, which, by the way, 
night well be wilh advantage to wayfarers, lie shows that the coUTeysn 
of electricity involves enormous loss ; that a little is saved by instantaoea 
ligbUng and extinguishing, that tbe light isaafe for horses, powerful. in nocuov 
frve from heat, but on the whole nof suilaUe for street lighting, though it 
suitable for lar^ spoceaauch as Trafalgar and Parliament Squatea. 
tjiely agi'ee with the worthy engineer. 
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hood withiB, say, a mile radius, with both light and also with 

mechanical power for minor industrial purposes. The realisation 
L«f such a system involves the means of subdividing the electric 
Bcnrrent to a certain extent, a problem which offers no insuper- 
P-»ble difficulties when continuous currents are used instead of the 

rerersing currents which have hitherto been mostly resorted to 

for street lighting." 
The probable uses and applications of the electric light are 

I now becoming tolerably definite. It is clear that for extensive 
«eaa and large buildings it is of great beauty and valne. To 
this eraplojTnent of it there is, however, one drawback, namely, 
the intensity and apparent solidity of the shadows it throws. 
During the work below the level of the Thames in laying the 
foundations of the railway bridge at Blackfriars, it was for a 
time extensively used, with a view of continuing the work at 
night. But it was ultimately discontinued on aoeount of the 
numerous accidents it entailed, from the workmen mistaking 
such shadows for the passage-boards leading to the bottom of the 
cofferdam, and endeavouring to wheel their loaded barrows upon 
ihem. If this difficulty, which aiises chiefly from the great 
intensity and pi>int-like character of the incandescent arc, be 
obviated by diffusing the light within a semi-transparent globe 
of opal gl^s, from 30 to 40 per cent, of the light is lost, and 
the effective cost of the light proportionally increased. 

Many further improvements seem likely to be- effected before 
long. Besides the threatened discovery of Mr. Edison, which 
nppears to be taking a practical form, the Sun Electric Light 
Company, who lately addressed a communicatiou to the Metro- 
politan Board of Works, have acquired certain patents, among 
the more remarkable of which ia one for the manufacture of 
flexible carbon. The value of flexibility for a carbon electrode 
is obvious. If a strip of carbon can be wound and unwound like 
a piece of india-rubber, or with some fair approximation to that 
degree of pliancy, facilities are afforded for stowing away a long 
length of carbon in a small space under the electric lamp, thereby 
providing for a combustion which shall last a considerable time. 
How far this end is attained renaaias yet to be seen, and the 
Company have other patent lamps besides those in which the 
flexible carbon is to be employed. The Company have entered 
into arrangements for a trial of the electric light at the Crystal 
Palace. A 1 2-horBe power steam-engine by Ruston and Proctor 
will be provided by the Crystal Palace Company, and a shed for 
its reception will be erected at the main entrance to the building, 
iipposite the high level station. A Gramme machine to generate 
'he current will also he placed at this spot, and the arrival of 
, the machine from Paris is expected daily. The machine will be 
^1 a small one, and is reckoned to require only iij-horse power to 
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drive it. If the experiment answers, it is anticipated that ti 
entire Paiace will be lighted up in the same manner. At f 
there will be only four lights, each fixed at an elevation of eid 
feet above the main floor of the Palace, at the angles of the lai 
open space under the central transept. The current will 
transmitted by wires, each about one hundred yards in lengt 
laid under the floor of the building, and converging into a spt 
apparatus, whence other wires will proceed to the aeveralligU 
each light having its own pair of wires proceeding from the a 
paratus. A trial of the light, under the anspiees of the safl 
company, is also about to take place on the premises of a fii 
in the City. Arrangements are likewise pendln;^ for lightii 
up one of the large railway stations in Loudon, and the Agrici] 
tural Hall at Canterbury. 

The present excitement on the suhject of the electric L'ght 
occasions a great demand for the Gramme machine. Paten 
rights and royalties, backed up by Chancery proceedings, c 
some degree of obstruction in theuseof djuamo-electric machinil 
and occasion delay in the development of processes for regulatit 
the light. The lamp is one thing, and the machine tbrgener* 
ing the current is another. In some cases the use of galvanjfl 
batteries is contemplated as a substitute for a machine, wherftfl 
only one or two lights are required. Another essential is thj 
of the motive power by which the dynamo^Iectric machineisi 
he driven. Sir W. Armstrong's use of water-power for this pi 
pose is very inatf uciive and encouraging. The suitability otgi 
engines to drive the dynamo-electric machine is so generul 
recognised, that a great demand has spnmg up in eonsequencei 
and, according to some accounts, there is a, difficulty in getting 
orders executed for the delivery of these motors, thereby giving 
rise t<i another source of delay. These obstacles in themselveft 
stimulate invention, and it is not tmlikely that some new fbnBi 
of dynamo-electric machine will ere long be placed before t* 
public. The Meritena machine, lat«ly invented in Prance, j 
stated to develope more power than the Gramme machine, in tT 
proportion of three to one. That in to say, the Meritens machii 
is credited with maintaining one Jablocbkoflf light by t!i 
expenditure of one-third of a horse-power. On the other h 
the cost of this machine is bigh, being nearly double that of i; 
Gramme comparable to it in size. The French patent for tb 
Meritens machine is understood to have been sold for a ' 
large sum. It may be safely asserted that there is no finality J 
respect to electric light inventions; and there is little doubt Uu 
many new devices, with several startling changes, will preNi 
themselves in this domain of science within a brief period ( 
time. The Patent Office is still besieged with inventors engage 
in perfecting the electric light or its accessories. End t 
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Utese people are several eminent scientists, whose efforts are not 
likely to be misdirected. 

Among the more recent developments of electric lighting is 
the electric light of Mr. Van der Weyde, ordinarily utilised by 
him for photographic purposes, to which he was the first to apply 
iL It is not the production of the current nor the means of 
Eonvertingit into light at which Air. Van der Weyde has laboured 
BO much as the rendering of the light produced available as an 
iliuminator without wasting it, so to speak, and yet without 
throwing the rays directly upon the object to be illuminated. 
His apparatus and arrangements may be described as follows ; — 
In the basement of the house is an Otto silent gas engine of 
eight-horse power, which works steadily and well and without 
needing any attention, save at starting and stopping, goes on 
hour after hour driving either one or a pair of Siemens' dynamo- 
electric machines, as may be required, the machines producing 
Lontinuous currents. The current thus produced is led up to 
rhe burners which are placed in the various studios, and which 
consist of two carbon rods placed vertically one over the other, 
the light being produced between the points. The upper rod is 
three-eighths of an inch in diameter, and the lower one three- 
quarters of an inch, and these are placed near the mouth of a 
concave reflector lined with white material. None of the rays 
of light reach the spectator direct ; they are intercepted by a 
disc of opal glass about four inches in diameter. The whole 
l»ody of the rays is gathered up in the reflector and thrown out 
in a flood of pure white light, in which the moat delicate shades 
of tint are distinctly discernible. At present the consumption 
of the carbons is followed up by hand-adjustment, that being 
most convenient for photographic purposes. For general illu- 
mioation, however, Mr. Van der Weyde proposes a mechanical 
arrangement. In fact, it does not affect his principle whatever 
apparatus for burning he uses ; he can take the Serrin or the 
Siemens lamp, the Jablochkoff candle, or any other suitable 
arrangement. His principle consists in cutting off the direct 
rays from the objects to be illuminated, and surrounding them 
only with a white cloud of light. Mr. Van der Weyde is now 
ei^ged in a mo<lification of his system, which will shortly be 
seen in an improved form in Regent Street. As regards expense, 
we have here some exact data afforded by the six hours during 
which the light was puhlicly exhibited on November 9. Long 
iLie of the Otto gas engine has shown Mr. Van der Weyde that 
the cost of the gas for it is exactly 6rf. per hour. A pair of car- 
bons costs 28. 6rf., and a pair was consumed during the esperi- 
ment. This gives a total of 5s. 6d., or exactly 1 \d. per hour per 
light. But it is to be observed that during the experiment the 
second machine was at times nmning, so that some deduction 
should be noade on that account. In fact, only half the ^ower^ 
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that of a four-horse engine — would be required for one macliiuei 
BO tLat the oost of production would be thua reduced Thea 
caleulationa are, of course, irrespective of tirst cost of plant am 
machinery and of interest on capital ; but tbey serve to showl 
approximate!; the working cost of this light. 

Another worker in the field of electrical science, who is i 
present pursuing his investigations with a view to demonstratini 
the iudetinite division of the electric current is M. Autoini 
Amaud, bis patents not being yet quite completed. M. Amauffl 
appears to have succeeded in dividing and controlling the cur-J 
rent, so far as experiments on a small scale are concerned. Hcu 
has shown that a large number of lights can be maintained iid 
one circuit, and that the extinction of any of the intervening lampafl 
had no effect upon the remainder. M, Amand expects to be 
able to light a thoroughfare with a numlier of lamps, giving aa 
uniform light throughout, and without fear of the extinction of 
one or more affecting the rest. Mr. Wilde, whose name it 
already honourably known in connexion with electro-djmamii 
machines, has introduced an ingenious simplification of tbt 
J ah loch kotf candle, which dispenses with the intervening kaolitf 
or plaster diaphragm. In a paper read before the Manchester 
Literary and Philosophical Society he had already pointed oat 
the fact that when the electric light is produced from the eodft 
of two carbon pencils placed parallel to each other the carbow 
will bum steadily downwards from the top until they are wholl; 
consumed, without any insulatiog material between them. It 
was observed that even when the circuit was completed at thg 
Itottora of a pair of carbons close to the holders the arc im- 
mediately ascended to the points and remained there. This 
occurred in whatever position the carbons were placed. Two rodf 
are therefore placed side by side, one being fixed, the otba 
hinged at the base, and pressed gently against it by a BpriD| 
Directly the current passed the spring is overpowered by a 
electro-magnet in circuit, which separates the movable rod 1 
the proper distance from ita fellow. The need for a " primingt 
to start the arc Is thus simply superseded. 



DESCRIPTION OF PLATE 11. 
Chapman'/' Elertric Lamp. SperiJUaiion dated A.D. 1855, April 3, Ao. 71 

A, Gravity bolder for upper c»rbon, controUed by 

li. Brake-nheel and broke ; the kller being actuated by 

C'. An elect ro-Dmpnel, oh closing the circuit. 

I). Second electro-mHjTDet, cauain^ a separatioD between the carbons, : 
establiehing the arc. 

tl E. Terroinab to battery. 



TISH MEAN TEMPERAT 
Bt W. L. DALLAS, of ittB Meteoeolosica.!. Office. 



r the Himalayas, the Andes, and other great moimtaiD chains 
within the tropica, a phenomenon may be witnessed which is 
always interesting and instructive. A traveller climbing one of 
these ranges advances first across valleys and small hiila covered 
with the jungle and luxurious vegetation of the tropics. As he 
continues the ascent he leaves behind him the bt^utifiil palms 
and immense cotton trees, the brilliantly marked birds, reptiles, 
and insecte, the inhabitants of the tropics, and reaches the oak, 
the elm, and the birch, tlie growth of the temperate zone. 
These, in their turn, give way first to the larch and the fir, then 
tu low bushes and scrub-wood, then to lichens and mosses, and 
finally to the region of perpetual snow. The whole of the flora and 
buna have changed. Even in this short time a journey has in 
reality been effected from the equator to the pole ; yet the lie 
of the land is the same, and the air is the same, the whole at- 
mospherical conditions are only slightly modified, with one 
great exception — and that exception is, temperature. 

DiSerence of temperature is thus shown to be sufficient to 
gather the products of all the different zones of the earth into 
one email region, demonstrating practically and plainly the 
importance of temperature to every inhabitent of this world. 
Any contributions, then, which are made to our knowledge of this 
the most important factor in climate, must deserve and receive 
interest and attention from every one. More particularly is this 
the case when the contribution ia made by the Meteorological 
Office, as in the case of tbe recently-published Tables; for, 
coining from such a quarter, it carries a guarantee that the 
observations have been taken with that regard to uniformity 
both of instruments and exposure which is so necessary for a 
proper comparison of the temperatures of different places. In- 
structions for taking temperature observations have been pre- 
pared ; and in many cases every effort has been made to secure 
uniformity in the hours of observation, the natiu:e of the screen, 
and in the instruments from which the observations are to be 
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taken. But, whatever the method of observation may be dow, 
it can scarcely be disputed that in former times there was s 
margin for improvement; so considerable, in fact, that it is diffi 
cult to understand how to accept the present arrangements a 
appioximately correct, and yet regard tlie previous obsen'ationt 
as having any claim to scientific accuracy. Everyone can under. 
stand how, when it was left to the discretion and taste of amateiu 
meteorologists to employ screens of any shape and position they 
pleased, the vagaries and opinions of the different workers should 
have led to an endless variety of form and exposure. It can, 
therefore, occasion no surprise to read in one of the publication* 
emanating from the Meteorological Office that at the time o 
the first inspection of stations it was found that thermometer^ 
were placed in some cases under station roofs ; that at one plac 
the Wet bulb had never seen water for about three weeks, whilfl 
in another it had been completely immersed in that element fa 
about the same period. All these sources of difference havinf 
been eliminated, and uniformity of exposure and time havinf 
been obtained, it must be evident that these observations may 
be regarded not only as the latest but moat correct data to I 
obtained of the temperature of the different parts of tht 
Islands. 

The l)est and plainest method of displaying quickly aii( 
clearly the general distribution of mean temperature over ou 
Islands is to plot the observations on charts, and the following 
figures give the isotherms for each of the twelve months. 

January. — The influence of the waters of the ocean, and n 
particularly those of the Atlantic, in modifying climate, has b 
repeatedly pointed out, and this influence is clearly shown i 
the January chart. The warmest station in the British Isles ii 
this month is Scilly (48°) ; for not only is it the most southei 
point of our coasts, but it is surrounded on all sides by th 
heat-hearing waters. Next in order after the Scilly Idand 
come Valentia, on the south-western promontory of Ireland, am 
Plymouth (both 46°), both stations well exposed to the vara 
south-west winds and the open sea. From this warm south 
western region temperature gradually decreases i 
easterly direction, and reaches its lowest point (39°) on the o 
of the Moray Firth. Although this is actually the coldest p 
of the kingdom, it will be noticed that the temperature of tb 
wliole of the east coast of England is very little more genial' 
the isotherms, after having been carried well to the northward a 
our western coasts by the influence of the warm Atlantic, i 
almost at right angles in a southerly direction till they come b 
a I'pgion which is again, though in a more modified degr« 
heated by the waters of the ocean, viz. the shores of the Englia 
Channel, when they again take a more easterly course. 
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February. — The main characteristics of the January isotheim* 
are again seen io the February chart; the temperature read 
ings are shown gradually decreasing from the Scilly Islandi 
(46°) to the north-east of Scotland (38°), while the same sharp 
angle aouthward ia observable in many of the isotbermB. Bui 
it will be noticed that,8o far from the coldest region being now tl 
coasts of the Moray Firth, a narrow band of still lower tempera^ 
tureis shown ttretching across south-eastern and central EnglaDii, 

March. — This chart shows a general increase of warmth ; an4 
this being greater over central England than elsewhere, reading 
are more uniform, and the isotherms more regular. 
area of low temperature is, however, still shown over the northen 
and central parts of England, York having the same mean t 
perature as Stomoway and Wick, while the isotherm of 42° r 
southward from Thurso through Aberdeen, Shields, &c., aa fa 
as Cambridge and Yarmouth. 

April, — The influence of the sea ia beginning to be showi 
operating in the opposite way to that which we have observe 
in previous months, while the sim begins to erercise cousidei 
able influence on the land. Scilly is not so hot as the mainlaa 
stations of Cork and Plymouth, while the comparative coldnea 
of the northern islands is shown by the crowding togethe 
of tlie isotherms over the northern part of the mainland ( 
Scotland. At the same time over that part of central Englaut 
where formerly we found a cold region, the sun now possess 
sufficient power to raise the day temperature to a height whia 
produces a mean temperature superior to that of the surroiindiii| 
districts. The more eastern parts of England are still cold, t" 
isotherms having still a north and south directionon our east coai 

May. — A further general rise of temperature occurs durioi 
this month, amounting, as a rule, to about 3°. Cork and Ply 
mouth again show the maximum mean temperature, but tb 
isotherms are not so crowded together in the north of Scotlauc 

June. — A rise ia shown over the wbole coimtry, the mei 
temperature now varying from 61° in the south to 53° in tl 
north. Over the greater part of the country the increase 
about 5°, but over central and southern England it amounts t 
as much as 8°, The hottest district is that around Londoi 
whence a narrow band of high readings extends northward ov 
central England. It will be observed that all the isothen 
send a narrow promontory northward over the central statioQ 
showing the influence of the sun in raising the heat of lb 
inland stations, and that of the sea in tempering the heat i 
the coast. 

July, — A further rise of 3° or 4° is shown ; but otherwise i 
great change has occurred, the relative distribution of the i 
therms being very similar to that of June. July is the hotte 
month in the year. 
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August, — Temperature now begins to decieaae again, 
fall of one or two degrees ia noticed both in the Thames valley 
and in Scotland, but the changes elsewhere are unimportant. 
The northern islands of Scotland appear to be getting colder, as 
the isotherniB are ag-.iin crowding together over North Britain. 

September. — A fall of 3* or 4° has taken place over the whole' 
country. The isotherms are more uniform and regular in this 
month than any other, though there is still a slight ridge to 
the northward over the central stations. 

October, — A rapid fall has occurred amounting to 5° i 
the north and to 8° or 9° in the south. Tlie warmest place ia 
once more the Scilly Islands ; while, owing to the excess of 
decrease in the south as compared witli the north, the isotherms 
are becoming wider apart, and the chart is acquiring more the 
appearance observed in the spring. 

Noveniher. — The thermometer shows a further decrease, 
though the difference between November and October ia not s 
great as that between the last-named month and its predeceeeor. 
The warmest point is still Scilly. The isotherms turn sharply 
southward over England, and a small region of low temperature 
is appearing over the central parts of the country. 

December.^~A further decrease has occurred everywhere ; but 
the change ia again greater over the central stations than io 
the west and north, so that the cold region has become mucb 
more pronounced. This chart affords an excellent example of 
the rapidity with which temperature deci-eases as we trsve 
inland from the western coasts, the isotherms between Holyhead 
and Nottingham being exceedingly close together. The tem^ 
perature of this month bear? a very close resemblance to that ol 
February, though at some stations February is the colder of th( 
two. 

As we have advanced through these charts, numeroiK 
instances of the influence of the sea have been mentioned ; hni 
its power is much more noticeable when discussing the masimun 
and minimum observations than when dealing with the mean 
of such readings, the great difference between whaA are terme( 
continental and insular climates lying in the large range i 
temperature in the one case as compared with that in the otheE 
7'aking, then, a mean of the maxima and a mean of the n 
we much more readily realise the sort of climat« which prevail 
at a given station than if we confine our observations merely t 
the mean temperature. Within our islands it is of course in 
possible to show any very extensive range in the thermometei 
the climate, though varying somewhat in degree, being tbo 
roughly insular over the whole country. Thus no station withii 
our limita has a climate anything like that of Quebec, whict 
lying in the same parallel as central France, enjoys summei 
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as warm as tbose at Paris, and experiences winters as cold a 
those at. St. Petersburg;. NeverthelesB a comparison of tb 
maximum and minimum readings will sbow that witMn tb 
narrow compass of the British Isles the phenomena of conti 
cental and insular climates are, though on a very small scali 
ae distinctly to be traced as on the great continents of Asia an 
North America. 

If we take the mean maximum of the hottest month of tl 
year, and the mean minimum of the coldest month of the _ 
the difiference will show the average annual range of t«mpei 
ature at the different stations. Arranging them in threes froi 
west to east, as nearly as possible in the same parallel, we find :- 



Stomowav . 
Nsira . ' . 

Aberdeen . 


. CC 
. . 65' 


MoiTlle . 


. 04" 


Shields . 


. «6» 


Valentift . 
Nottinghmn 
Yarmouth . 


. 65" 

. 74° 
, 68» 



34° = 34° 

J'rnm these figures it will be seen that on both sea-coasts th 
climate is eminently insular ; while over the central parts of tb 
country it is in a slight degree continental. The differenw 
would be still more marked were the waters of the North Se 
as equable in their temperature as those of the Atlantic. 

The remaining portion of the tables just published deal 
with observatioDB which, though interesting, are of less imp 
portance than the observations we have just been discussing 
They are the extreme temperatures which have been experience 
over the country during the whole period over which the obse" 
vationa extend. They are interesting as showing to what degre 
of beat or cold we are liable ; and in some cases no doubt Ihi 
might be important ; but it is impossible to give any summai 
of the results. The readings show, however, to what a ve 
large range of temperature the central parts of the country a 
subject, notwithstanding the favourable position of these Island 
the thermometer carefully shaded and exposed having, dnrio 
the three or four years under discussion, risen at one time to 91 
while at another it has fallen to 10°, showing a range of 61° 
the short interval of five years. 

The mean temperature given above must be regarded by th 
agriculturist and the farmer in a very general and liberal spin 
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Wng only the maia characteristics of the meaD monthly 

erature over our Islands. So soon as details are entered into 

1 be found that in contiguous districts considerable varia- 

*re occasioned by purely local influences, such as the lie 

e land, the drainage, the amount of wood in the neigh- 

bood, and the quality of the soil. For instance, in the 

kes valley the general surface clay ia pierced in several 

■ by the Bandy, gravelly stratum which underlies it ; and 

Tattoos of the temperature of the air, made simultaneously 

the different soils, would probably give very different 

ts. After a shower of rain the water would soon disappear 

the loose sandy soil, and the sun's rays would immediately 

the earth and the superincumbent layer of air ; while on 

elay the water would remain and keep the temperature 

Thus, while the isotherms on the different charts give 

main distribution of temperature, due allowance must be 

Oe for such local influences as have been described above. 

p different cereals with which a farmer is principally cou- 

•ed, though showing considerable climatic adaptability, are 

[Tery sensibly affected by the temperature, and their profit- 

B cultivation can only lie carried on within strictly defined 

KB. Thus, wheat cannot be grown with pro6t in the north 

bKland at a greater elevation than 700 feet above the mean 

(level ; and in the Orkneys, though it has been repeatedly 

j|3, and generally produces an abundance of straw, the grain 

Udom of any service, Oats, rye, and barley show a much 

■r geographical range than wheat ; but neither oats nor rye 

tie grown profitably in tJie Faro Islands, and though barley 

pUll cultivated there tlie success is very limited. This is 

t to the strictly insular character of the climate of these 

Bds; for in Norway, in lat. 71°, or about 10° lat. further 

ne northward, both barley and rye grow freely, adapting 

■selves to the short, hot summer which prevails on the 

ptiDent in those latitudes. In fact, such is the speed with 

Id) vegetation progresses in situations from which during 

^«(unmer the heat and light of the sun are scarcely ever 

fcdnwn, that sixty days is the ordinary interval between 

pDg and reaping.' 

Eb the doctor a knowledge of the climate of the different 
jbof our Islands ia of immense importance as determining the 
Uh resorts most suitable to the various patients under his 
tk It appears from statistics that the moist, equable climate 
^1 characterises the west coasts of Ireland and Scotland 
Buch more healthy than that of England, and still more bo 
that of the continent of Europe ; so that the percentage 
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of deaths increases as the coast is left behind. A continuoui^ 
cold or a continuously hot climate it is possible to endure ; bti 
great extremes, following each other in quick succession, imms 
diately cause an increase of the death rate in the R^isttM 
General's return. The very cold winter which occurred i 
1860 occasioned as many deaths as a severe visitation < 
cholera ; and the death rate for the different diseases increaw 
or decreases in a perfectly regidar manner according as tin 
climatic conditions are favourable or unfavourable to each par 
ticular disorder. Dr. Williams, in his little work on the " la 
fliience of Climate on Consumption," mentions that the native 
of Tahiti are liahle to an exceptionally malignant form i 
that disorder, and shows that it is due purely to climatii 
influences peculiar to those islands, and not to the physic]' 
organisation of the natives. To prove this he quotes the Eu 
that during the time the French frigate " Serine" was in poi 
there, many of the sailors were attacked by a similarly sever 
form of consumption ; that twelve died, and many others hai 
their lungs affected. On the other hand, the same writ« 
mentions that a Swiss who was domiciled at Panama, and wh 
was attacked by a very severe form of consumption, regained 
on ascending the moimtains as high at Quito, all his form"^^ 
health and strength, only, however, to lose them again on h 
return to his old quarters. These two experiences prove tl« 
influence which climate exercises on the progreas of dieeaM 
and the great importance of medical climatology. It will i 
plainly seen that, in the case of the British Isles, to patient 
living in the north and who during the winter require i 
warmer climate, the mere journey southward would be of m 
avail, without a corresponding movement in a westerly direo 
tion, because during the winter months the temperature o 
eaatem and central England is at least as low as that of tbi 
east of Scotland, and during some time of the year is evet 
lower; while, to improve upon the climate of the west of Scob 
land, it would be necessary to go to the extreme south-westm 
coasts of England. In addition to this it is proved, by an ii 
tigation of the Registrar- Gen era! 'a returns, that no sooner 
temperature fall to a certain Imo point than the death rat« an 
patients afflicted with certain complaints immediately incre 
while so soon as it reaches a certain lieight the mortality { 
certain other diseases increases. It consequently follows that tfc 
inhabitants of central England, where the weather is colder i 
winter and hotter in summer than elsewhere, are liable to a 
diseases than the inhabitants of the western part of t,h( 
country, always supposing, of course, the other conditions to In 
equal. Messrs. Buchan and Mitchell of Edinburgh, in a ma 
guiarly exhaustive and interesting paper, have traced the con- 
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nection which exists between disease and temperature, and have 
shown hy means of curves, drawn according to the percentages 
of deaths above or below the mean number for the year, the 
osciltations which occur as the weather changes. Some of 
these curves, which have been drawn for all the disorders for 
which the Registrar-GeDeral's returns furnish data, are ex- 
ceedingly well marked. 

The curve for diseases of the respiratory organs shows 
a maximum during the first two weeks of January, and a 
the last two weeks of August ; while the curves for 
dysentery, diarrhcea, and cholera show that during the greater 
of the year deaths from these causes are very much below 
le average for the year; but that during July, August, 
and September the percentage of deaths above the mean 
increases with frightful rapidity. These are the most 
=trongly marked of the curves; but, in nearly all, some 
relationship may be traced between the climate and the 
number of deaths. Even suicides, murders, and homicides, as 
well as such diseases as delirium tremens, show that they are 
amenable to certain climatic influences, and exhibit regular 
periods of maximum and minimum intensity. Of delirium 
tremens, Messrs. Buchan and Mitchell say: " Deaths from this 
cause have a well marked annual curve — it rises above its 
average in the middle of May, attains its absolute maximum in 
the latter part of July, thereafter falls to the average in the last 
week in September. Its absolute minimum is during the first 
half of December; and it continues belovf the average from 
October to the middle of May, with the singular exception of the 
Christmas and New Year period, when there occurs a short 
continued secondary maximum." This secondary maximum 
is probably due to disturbing influences other than the 
weather. 

Such are the main characteristics of the temperature of the 
British Isles for each month of the year ; and it only remains to 
say that the means from which this paper is compiled are those 
just published in the " Quarterly Weather Report," pt. 3, 1 875; 
that they are derived from the maximum and minimum obser- 
vations made at different stations over the country ; and that they 
extend, as a ml-e, over a period of four years. Such a period is, 
it is well known, generally considered to be too short for the de- 
dnction of perfectly reliable temperature means ; but whatever 
delicieiicy the present observations have in regard to length of 
time, is probably largely compensated for by taking into con- 
rideiation the fact that they refer to a period which has only 
just passed, the superiority of the instruments used, and their 
better exposure and uniformity. Besides, in addition, it has 
been proved by incontestable evidence that every mareh that is 
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drained, every wood that is cut down, and every bog that is re- 
claimed exercises a great influence on the climate of the country 
in the inmiediate neighbourhood ; so that, having regard to the 
great improvements of the soil which are in progress on all sides, 
it must be evident that, even in the short period that has elapsed 
since the last of these observations was taken, modifications may 
have arisen which, before many years are over, may cause the 
present means to be very far from representing the actual tem- 
perature of our Islands. 




THE ORIGIN OF TARNS. 
Bi THB Bey. J. CLIiTON -WAIUJ, F.G.S., F.R.M.S. 



TYJTIO has not felt a sudden and intense pleasure when, 
VV rounding the end of some mighty mountain or towering 
orag, the fltill waters of an upland lake or tarn have first met 
the eye? Perhaps, on approach, wild hirds have started from the 
.smooth surface and left it a little sea of shimmering gold, as 
the BUn's light has been reflected from each tiny wavelet. 
The raven's croak among the overhanging cliffa, the patch 
of snow lying unmelted deep in a rocky fissure, the scattered 
sheep browsing carelessly on the few grassy slopes, while all 
oroimd are masses of tumbled rock, and the light veil of cloud 
that ever and anon sweeps the cliff tops and adds an air of 
mystery and wonder to the whole — all conabine to make a 
scene which cannot but send a thrill of pleasure and perhaps 
of happy awe to every heart. Instinctively one feels, if the 
power of expression be not present, what nature's true poet hath 
so truly sung. 

Row divine 
The liberty, for bail, for mortal itiflti. 
To roam at lai^e among unpeopled glons 
And raouDtniiioiia rotircitiantg, ODly trod 
By devioua fool^teps ; rcgioca conaecrate 
To oldest tine t and, reckless of the storm 
That keeps the rnven quiet in her neat, 

Among the many there. 

No one can wander over rugged and beautiful mountains 
without being led to love and admire these calm Bheeta of 
water, which lie nestled in hollows, and are ofttimes blackened by 
the shadow of encircling cliffs. Love for such solitary spots 
soon excites our cturiosity as to the origin of these miniature 
apbind lakes. In the Cumbrian lake district they are scattered 
' broadc&st over the country in far greater numbers than most 
, jMople itnagine, and at a period not vastly remote their number 
mittt have been more than double what it is now. But the 
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yearly waste of mountain side and the matter brought down \ 
every stream liave filled up many a mountain pool, andfrequei 
peat mosees mark the spot where once the waters danced in t" 
mountain breeze. Whence these hollows? \\'hat is 1' 
origin ? Do we see in them the relics of volcanic effort ? 
the combs (cwm), coves, or corries in which they lie the vestigi 
of volcanic craters, as the form of many at first, perhaps, suggests 
Or have we here hollows produced directly by surface action 
Again, are these hollows of great depth, or are they shallow 
What is their general form ? Now, there is little doul 
that most people, if asked to draw the form of the hollow 
which the waters of a tarn now lie so placidly, would grosd 
exaggerate its truedepth, or, perhaps, liken it to the basin forme 
by placing the two hands together, side by side, curved, with th 
palms uppermost. Some years since I took a number of sound 
itigs among the Cumbrian lakes and tarns, and communicate 
the results of my examination to the Geological Society (Quan 
.Tourn. Geo!. Soc. vol. xxx. p. &6, and vol, xxxi. p. 152). Hoi 
out one hand, palm uppermost, and straighten it as much a 
possible — the hollow in the palm is yet far too deep to represen 
with truth the natural rock basin. Soundings taken in lake 
throughout the district all show the same thing — -the baains ar 
very shallow compared with their size and the height of til 
surrounding bills. 

Next, let us search out the origin of these shallow basiDi 
At the outset we distinguish two classes of action, one of whid 
must have been at work. Either the matter formerly filling th 
hollow has been dug out and carried away by some agent work- 
ing at the surface; or force from below has here sought : 
vent, and dispersed the matter far and wide ; or, from failing 
support, the ground has sunk at this spot into a hollow. 

First we will consider the upward or downward theory. I 
these numerous mountain hollows with included tarns be o 
volcanic origin, then it is clear we shall find the signs of i 
crateral hollow such as we see them in many parts of the norll 
at the present day. There are no such signs. It is true tha 
in many cases the surrounding rocks are of volcanic origin ; bol 
the volcanic beds, in their lie and position, show no manner o 
relation to the tarn hollows ; and a httle study of the rocks of th( 
district and the form of the ground clearly shows that tlu 
volcanoes which gave rise to the ashes and lavas forming manj 
of Cimibria's highest mountains, were active, not as but yester^ 
day, but in untold ages past. Then, as to the iloiviiward oi 
special depression theory, when we can conceive such minuti 
subsidenceH taking place at a great number of almost micro 
ecopic spots without affecting the rocks around, or leaving ani 
evidence of a sinking away, we may admit it as possible. 
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If not produced by expulsion of matter outwards or sinking 
matter inwards, these holJowB must be the effect of some siir- 
:e-working agent. The sea planes away along the coaat-line, 
' the material goes tojill up ocean hollows; therefore the sea 
lot be the agent, and any force in an ocean current is clearly 
out of the question over these scattered spota. Streams and 
rivers work along lines, form ravines and gorges, but never a 
more or less circular basin of great size in comparison with the 
stream, or river ; hence they cannot he the agents. The atmo- 
spheric powers — rain, snow, wind, and chemical action — weather 
the roclu indeed, form tiny basins on almost every stone ; but 
this is but nature's fretwork, the delicate carving around the 
sculptured craggy tower or spire and smooth-scooped rocky front. 
Yet there is one surface agent remaining, the moving glacier. 
Moat people are familiar with the proofs of former glacial action 
in Cumberland and Wales — proofs as clear as are those of the 
fonner greater estension of the Swiss glaciers. Now by far 
the greater number of our tarns lie in true rock basins— hollows 
completely enclosed by rocky sides, which are, moreover, smoothed 
and grooved in a manner peculiar to ice action. At the sides of 
nuDy a taro and lake you may see the ice grooves and scratches 
passing beneath the water, so as to leave no doubt whatever that 
iee has once occupied the rocky hollow. The question is, Did 
the ice movement form the hollow ? I believe that in most cases 
itdid, and for these reasons: 1. The tarns lie almost invariably in 
the path of old ice streams or glaciers, aa is proved by the direc- 
nofthesiTatchesin thesurroundingrocks. 2. They frequsntt;/ 
tux at the foot of slopes more or less steep, or where the ice 
!88ure can be tihowa to have been great. 3. The position of 
le deepest points in the larger tarns and lakes occurs almost 
invariably where, from the confluence of two or more glaciers 
or the narrowing of the valley, the ice pressure must have 
been somewhat increased. 4. The depth of these tarns is 
very slight as compared with the thickness of the ice which can 
be proved to have passed oyer them. 5. There is eveiy grada- 
tion from a tiny rock-bound pool, glaciated on all sides, and 
'hich all will admit must have been scooped out by the ice, to 
le lam or lake showing precisely similar phenomena on a larger 
ale. 

Since the ice plough passed over our land the atmospheric 
powers have been at work for a long period, and while many 
rock basins are now completely filled up by stream-bome matter, 
all are being so Blled, and each age must witness a decrease in 
the nmnber and size of those sheets of water which form so 
tnarked a character of our Cumbrian scenery. 

Before quitting this subject, however, I must remark that there 
are a few tarns which seem to me to owe the whole or a part of 
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ibeir deptli to a moraine dam. That is to say, the rock basin is 
imperfect on one side, and there an old glacial moraine may 
have helped to dam the waters back ever since the retreat of the 
glacier which threw off the moraine. It frequently happens 
that a little moraine material has been left upon ico-rounded 
rocks at the foot of a tarn, and in such cases a hasty observation 
might lead one to believe that the whole mound was a moraine. 
Let us remember, then, that a tarn may lie in a complete rock 
basin, ice-formed ; in a glaciated hollow dammed on the lower 
side by a moraine or other accumulation of rocky debris ; or it 
may owe part of its depth to a rock-enclosed hollow, and part to 
a morainic dam. Therefore, on a summer's day, as we lie 
dreamily gazing upon the rippling waters of these moimtain 
tarns, we may sometimes think of an age*which is past, when the 
ice-sheet moved majestically over the now heather-clad fells, and 
all the country lay " clad in white samite, mystic, won derful." 




ON THE EXTENT OF THE GAP BETWEEN CHALK 
AND EOCENE IN ENGLAND, AND ON SO-CALLED 
UPPER CRETACEOUS FLORAS. 

Bt JOHN STARKIE GARDNER, F.O.S. 



MOST of those possessing even liut a superficial acquaiutance 
with geology in Eugland are aware that the Eocene 
strata in this country invariably rest, often conformably, upon 
the Chalk. Those who have collected fossila from the rocks 
above and Ijelow the Chalk are familiar with the complete 
change in the fauna belonging to each. The thoroughness of 
the change is recognised in the fact that from the Chalk down- 
wards the rocks are considered to bi Spcondary; while strata 
above the surface of the Chalk are recognised as Terticvry. Al- 
though frequently but a slightly eroded surface and a few 
water-worn flints actually separate them, a vast interval indeed 
separates them in geological time. So immense must the 
time have been, that strata 10,000 feet thick may have been 
accumulated in other parts of ibe world during its lapse. Few 
geologists, however, appear to have realised this possibility, and 
we therefore find, when beds unm.istakably of this middle age 
are under examination, that the question as to whether they 
are of Cretaceous or Eocene age is hotly disputed. We also 
usually find that when there is any internal evidence of a bed, 
especially if containing plant remains, being older than the 
known Eocenes, it is at once stated to be contemporary with 
one or other of our Cretaceous formations, even when a com- 
parison of the fossils, especially of the plants, would point to 
the impossibility of such being the case. I will endeavour to 
make tiie magnitude of this gap apparent. 

The Eocenes are composed, without exception, of the compara- 
tively local deposits of shallow seas, estuaries, and rivers, even 
those most essentially marine in character containing evidence 
that land was not far distant. The Chalk which stratigraphi- 
cally precedes them, eontrasta with them very strongly, being 



purely oceanic, deposited over a wide area, and containing no 
indication whatever of the proximity of land. Confining oar 
remarks for the present to England, we see that the Eocenes, J 
BOme 2,000 feet in thicknesB, are the results of a chain of per- I 
fectly natural and connected events which can be traced. They ^ 
are essentially detrital deposits, while the Chalk ia oceanic. ' 
But although we can traee the deposition of the Eocene through 
every stage, as if it were a written hook, when we attempt to 
connect its history with the deposition of the Chalk, we tind the 
records are missing. How the Chalk area became converted 
from oc«aD to laud, and for how long a time it had been land 
before the deposition of the Eocenes commenced, are questions 
which can only be solved, if solved at all, by a study of the J 
rocks of other coimtries. In France, an older group of Eooeaiea I 
exists than we have here ; but even this is. apparently, quite as I 
remotely separated from the Chalk as our Eocenes. The break 
is so alraolute and complete, indeed, that the Cretaceous perioi 
again seems to us as distinctly separate from the Eocene as i 
was thought to be by the earlier geologLfts, 

We have every reason to believe that the Chalk, being t 
ocean deposit, must have formerly covered wide areas, and tbs 
the existing masses, although still extensive, are hut mere frag 
ments which have escaped denudation. It is not surprising b 
find, therefore, that besides those portions of Great Britain asi 
Ireland which, from its actual presence, were obvioiisly oovera 
by a continuous Chalk formation, its i'ormer eatension over th 
whole of Wales, Scotland, great paii of Ireland, and the SciU 
Isles, has been traced. Vi'e may thus safely infer that it stretcbec 
at least, continuously over Great Britaiu and far over Europ 
and the adjacent seas. But we scarcely know at all what wei 
the limits on the present land siu^ace even of the ocean whifl 
deposited it; for although there are Cretaceous deposits t 
Europe thought to indicate proximity to a sliore-Une, it ia nfl 
ascertained whether these are truly contemporaneous with I" 
Chalk of England, or whethei' they are the deposits of that lal 
period when the ocean began to recede, prior to the elevation i 
part of its bed into prse-Eocene land. 

The denudation of the Chalk, which must have been on 
most colossal scale, had doubtless proceeded for ages before t" 
deposition of the Eocenes commenced, since even their lowe 
beds conRist of extensive tracts of flint ground into sand ta 
pebbles. It has continuerl ever since, to how great an ^tei 
we learn but imperfectly, by the enormous beds of gravel HI 
sand which form, to a large extent, the Eocenes, Pliocenes, at 
Pleistocenes, and by the shingle and fand banks of our presea 
littoral. 

Bui, in addition to this evidence, we have other and strong! 
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KnBsoQB to infer that the lapse of time was of vast duratioD, 

ffrom tlie striking and complete changes nhich took pkce in 

the tauna and flora in the interval. From the commencement 

to the close of the Eocene period, as it is represented in England, 

the aggregate amount of progressive change is, notwithstanding 

_ .lepeatedly varied physical conditions, hy conti-ast trifling, and 

But seems to have been eflfected so gradually that the types of 

Bitfe in the oldest and the newest Eocene are subRtantially the 

^%une. 

The change in thetypesof the fatina throughout the Cretaceous 

period is also so small as to be almost entirely of the value now 

commonly recognised as specific and not generic. From the 

Kjfeocomian to the Grey Chalk, wherever like conditions pre- 

■Itailed] the same groups of genera, especially if we take the 

Hitlollusca, are seen to reappear. The faima and Bora of each 

Eof these periods are, although much interrupted, continuous and 

nmilar, and notwithstanding that unrepresented intervals are 

indicated, there is no great break in geological time. 

The Cretaceous and the Eocene faunas, on the contrary, seem, 

K when compared together, to have nothing in common, and so 

Heomplete a change had taken place in them, that even the gap 

Hwetween the Jurassic and Cretaceous periods, judged by their 

^ organic remains, was small compared to this. How or when 

the Cretaceous fauna disappeared, we cannot trace in this area ; 

we only know that it existed in seas which deposited the Chalk, 

and had ceased to exist here when the Eocene time arrived. 

Yet we know that the extinction must have been a natural 

and gradual one, i^ince we see ia America, and also in many 

other countries, that chambered Cephalopoda and Inooeraiiii, 

fca example, of late Cretaceous types lived long after the time 

in which we liave any record of them in this country, mingled 

with moUuBca, wliose general features are strikingly similar 

to those of our Eocene. 

The inference from all this is necessarily, that great as the 
lapse of time must have been during the accumulation of 
Cretaceous or Eocene, immeasiuably greater was the period, of 
which we have no record here, which elapsed between the close 
of the one series and the conmiencement of the other. We 
might reasonably, therefore, expect to find in other parts of the 

t world, deposits thousands of feet in thickness, belonging to the 
intermediate or Cretaceo-tertiary age, as Hector has named it, 
jirithout, perhaps, even then having the gap entirely filled up. 
We believe that ocean spread widely over Western Europe, at 
least, in the Clialk portion of C'retaceous times ; and it would 
therefore be almost impossible that any but the merest traces of 
the land vegetation of that period could be met with in oiu" own 
^nv even in any adjacent country. 



We know, it is true, but little of the earlier Cretaceous flora 
but what we do know of that of the Nencomian shows it to b 
closelj eimilar to the Wealden flora, and this has most ^nil 
with the Jurassic. In the Gault I have collected, with t" 
anaistance of John GriffithB, at Folkestone, for 20 jeaxs, a 
fiva new species of cones have been described by Mr, Carrutbet 
from the collection I have made alone. Notwithstanding- tbi 
brancbes of conifers with leaves attached are by no means n 
that a variety of conea liave been found, and that wood i 
resin is abundant, no trace whatever of a dicotyledon has bea 
met with. In a Crault deposit of Hainault eight distinct con« 
and much wood, both of conifers and cycads, i 
with,^ aimilarly without the presence of any dicotyledonJ 
Neither has any trace of them been found in the Green-sai 
or tte Chalk. Notwithstanding this, it has been said that 
Gault contains the dawn of the present flora ; but we see 
Folkestone that the Gault fauna melts most gradually into tha 
of the Grey Chalk overlying it ; and therefore if any infereno 
may be drawn, it would be, that as we see even a less amouo 
of change in the flora than in the fauna from Jurassic to Cret« 
ceons, and in other times, whenever it has been possibla \ 
observe it, there is no reason to suppose it changed more rapidl 
than the fauna between Gault and Chalk. Without, I hopi 
attaching undue importance to negative evidence, it must I 
allowed some weight in the absence of any other kind, and 1 
this instance, it is against any flora which contains dicotylec 
being as old as our Chalk, and far more, the Gault, 

Certain floras, described as Cretaceous, have been met with I 
Austria, Saxony, Bohemia, Silesia, Moravia, some of which h&V 
been stated to be of Lower Chalk-age ; and a considerable flon 
reputed to be contemporary with our Upper Chalk, has bee 
collected at Aix-la-Chapelle. The age of these deposits hoii 
ever is of the greatest uncertainty, and has been recognised opt 
mere opinions, which have differed so much at times that tl 
same beds have been assigned to very diflferent divisions of ti 
Cretaceous, and even to other and younger series. The litho 
logical characters and the nature of the floras render ;' 
probable that the Ais-la-Chapelle flora especially may I 
Eocene, and the others rather older, but of a period long snb 
sequent to the Cretaceous formation in England. The diveisi 
fied characters and frequently Eocene aspect of these siipposo 
newer Cretaceous floras, wherever they are found in Europe ares 
opposed to the intimate interconnection existing between t" 
of the Eocene and Miocene of the same area, as to fiimiri 
additional proof that their ages must be very varioUB, i 

* M. Cowman's " Flore ros&Ue de Ilainaut" 
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cannot in all cases have been rightly det«nnined. The very 
reaaans which render it unlikely that any floras of Chalk age or 
remotely separated from the Eocene, should exist in our area, 
make it the more probable that they are to bo met with in 
distant localities. The Chalk ocean did not extend over all the 
globe, and some floras should be found, as it is unlikely that 
all vestiges of land deposits of a period presimiably of far longer 
duratioD than the vliole Eocene time should have been swept 
from every part of it. And we find this to be the fact, for 
witbin the Arctic Circle have been found the remains of an 
evidently Cretaceous, and another which I take to be a priE- 
Eocene flora. In New Zealand we find a Cretaceo-Eocene series 
of great thickness, near the base of which occurs " an abun- 
dance of fossil leaves of dicotyledonoua trees, zamias and 
palms." ■ In Vancouver's Land there are 4,000 feet of strata. 
overlying the Xandimo coal beds, containing ammonite)^, 
baculites, and Inocerami from top to bottom : yet these are 
mingled with Eocene and even Miocene forms of moUtisca, and 
are associated with oak and poplar lea^'es.f In India, an other- 
wise Cretaceous fauna includes gasteropoda with a decidedly 
Tertiary facies, and this appears to be the case in still other 
GODDtries. 

In America, great consecutive Beries of deposits, resting on 
old rocks, and extending in time from some post-Cretaceous date 
to the Pliocene, contain extensive fossil floras. A great part 
of these have been described by American writers as Cretaceous, 
from the intercalation of marine beds with some animal remains, 
eharacteristic in Europe of the Cretaceous period. But it seems 
certain, from the mixture of characteristic Eocene types, that 
the existence of these forms was continued for a prolonged 
period in America after it had ceased here. We also see 
that a land fauna including Cretaceous types, and a peculiar, 
simple, and probably indigenous flora, since it has not been met 
with elsewhere, lived there for a long time, isolated from the 
more advanced types which flourished in Europe. These appear 
to have been almost suddenly replaced by a fauna and flora of 
newer and more tropical character, and, in many respects, allied 
to our Eocene, when land communication existed between the 
two hemispheres in Eocene times. The whole evidence, when 
carefully weighed, tends to prove that all the plant-bearing 
beds of America, containing dicotyledons, which have been 
described as Cretaceous, are of Cretaceo-Eocene age. They 
thus become of great interest, as partially, at least, filling up 
the great gap existing in Europe. 

• Hector. "New ZealHud Institute Tnrna." Vol. iv., 1871, p. S46. 
t Qeul, Surv, Caoftdn, 1873-7i, p. 260. 
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It appears, therefore, although only upon strong negative 
evidence, no other being possible, that dicotyledons did not 
exist in floras so remote in age as the Crault. There is even no 
direct evidence that they existed during the Chalk, for no dico- 
tyledons are yet known firom it or beds ascertained to be contem- 
porary with it. The date of their first appearance is still 
uncertain ; but in Greenland, a leaf of simple form, ascribed 
to a poplar, is seen with what appears to be evidently a true 
Cretaceous flora. Of the many other so-called Cretaceous dico- 
tyledonous floras, whilst some, as that of Aix-la-Chapelle, are, 
if botanical evidence can yet be said to be of any value, 
probably Eocene ; others appear, at most, to be prse-Eocene. 
Between the Eocene and Chalk there is an immense gap, repre- 
sented elsewhere by important^ formations, and to this period 
the older dicotyledonous floras may, for the present, be safely 
referred. The true Cretaceous floras are still almost completely 
disconnected from those which are post-Cretaceous; but we 
know so little of the relative ages of the latter, that it is safer, 
at present, in speculations, to leave out of consideration all 
groups of plants which are from beds whose age is not strati- 
graphically determined. It is most important that the exist- 
ence of this intermediate zone should be clearly recognised, 
and the name made use of by Hector, *' GretaceO'Eocene^ might 
well be adopted. The term " Palseocene," used by Schimper, 
has been applied to lower or even middle Eocene floras, and 
its continuance would therefore involve much confusion. While 
a special designation is a necessity for infra-Eocene deposits, the 
term Oligocene is, upon plant evidence, wholly unnecessary. 
From Eocene to Miocene there is no break whatever, and an 
Oligocene formation has to be created, so far as plants are con- 
cerned, from even distinctly middle Eocene formations. 




.\NIMAL CHEMISTRY.* 

riswithpieaeurelliftt we welcome the present work, wliifib MeniB well de- 
ri^-ned lo meet the want of a good modem work oa Htiimal chemistrj, and 
Tcell fitted to form a compamoD volume to Miller's " Ellements of Chemistry.'' 
The author has divided his work into five parta, as fuliows:— I, Qeueralj 
U. Organs, fluids, and procemee concerned in digsBtion, &c. ; III. Nutri- 
tion, or "work and waste "; IV. Other organs, tissues, and fluids of the 
bod J ; \. ChetDJCftl and philosophical subjects. 

Under the first hend Mr. Kingzett gives a brief sketch of tlie early history 
of the subject, lightly touches on the coniiection between vital and chemical 
phenomena, and concludes with a short statement of hia views on the rela- 
tions between modern chemistry and physiology and pathology. In the 
F«c<md part (pages 47-133) we find an account of the chemistry of the 
^iva, ga*tric juice, bile, liver, fcc, ^ving a brief account of the principal 
normal and abnormal constituents. In the tUird part (pages 1S3-30C) under, the 
l^ettenl head of nutrition, a fuller account is given of the cbemistry of the chyle, 
tjnph, blood, urine, sweat, &c., of the process of alimentation and respira- 
fioD, and of the connection of animal hefit, tital force, and muscular oxida- 
tion, together with a brief sketch of the chemical dynamics of the body. 
PaK IV. (page* L'63-360) is devoted principally lo the chemistry of He 
cnoBtituents of the bmin ; but concludes with a brief notice of the constitu- 
tion of the bones, teeth, milk, pus, &c. Finally, the Inst part, V., may be 
dividi^d into two portions: the first (pages 360-416) deals at some length 
with the rhemietry of the albuminoids, and ends with an outUne sketch of 
the carbo-hydratM and fats ; the second portion is miacelliuieous, and touches 
on tlie diverse subjects of fermenlation, putrefaction, germ-tbeory of disease, 
antiseptics, " sonitoa," physiological action of different chemical substances 
on obsTacter, as examplified by the genius and the fool, on the teaching of 
anitDal chemistry, and on different researches wliich ought to bo undertaken. 
The work ends with a good index and list of authorities, 

We are decidedly of the opinion that the present work will form an 
important contribution towards the advanceroeat of our knowledge of 
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nistry, or the relations of Chemistry to Physiology and 
nnual for medical men and scientific chemuts. By C. T. 
6vo. London: Longmans, Green &, Co., 1878, 



POPULAR 8CIEKCIS BKTIKW. 

Koiiual cbemisby, and that it will prove a TitlusUe ndditaoa toll 
of this bTBDch of science. It is true thnt we cannot ij 
ccnicliuioOB Brriv^d at !□ this work, and ia inotimcea tr 
with the autliot'8 criticuma on the rHaearcliea of other woricers !n tbe a 
fluid, but this is no more than might be expected in Ihe caee of an &ii1b 
with the decided &dA oiiginal views of Hx. Kingzeit. The Baihoc bI 
ideas with cleomeBs and force, and, they are such Ba will well repaj a 
examinatioD and conaiderBtion. In eeveral instaoces he has s 
throirijig much liglit on vbat previoualjr were very doubtful qaes 
Bod thus eBrQH the gratitude of those working on tbe subject. 
rMipeclfl, indeed, we could have wished that the work lisd been ri 
more complete. In more than one ioitance we have been (Ujuppointed y 
finding that important subjects bad been meielj glanced at, c 
ovor with a bare referenca when, the work might have very ^ 
same of the information now scattered about in isolated researches. In lUl' 
respect the present work is not likely to take the place of a standard ira n n al, 
which ought to contain a careful synopsis of all that is known on the sub- 
ject. To a certain extent Mr. Eingzett's work posseases more of the characta 
of an elaborate essay than of a treatise, both in its style and in its objed 
At times more attention is devoted to criticisms, the opinions of diSsia 
investigators, than to summariung tbe ikcts resulting &om th^ inTMtiga 
tiona ; although to us it would seem that these last were essential to dJ 
oompleteness of the volume. 

The work presupposes a certain amount of chemical knowledge on ti 
part of the reader, although no more than might reasonably be e 
Any additional informatiou which may be required for special sections irillb 
found supplied in tbe work. Mr. Kingzelt ratlier discountenancea tJis fl 
cent developments of theoretical organic chemistry. He bos not tntroduM 
them, thorefbre, into tbe present work, which thereby gains in simplicHjiJ 
it lows somewhat in power. It is a work which we hare no heutatiiml 
reoommending to all those who may require a knowledge of the subject i 
animal chemistry. To medical men we feel sure it will prove of great M * 
and to young scientific cbemista tt will auggest a field for inn 
reKarchos. 



TLEASANT WA^ DJ SCIENCE.* 

MR. PROOTOR ho* here collected eighteen essays, taken cbieily {toa 
"Contemporary Review," the "Gentleman's Magazine," the ' 
Magaiine," " Bolgravia," and "Ohambers' Journal." One is the milKtK 
of a lecture delivered at the Royal Institution, in May 1870. 

The subject of the first is the Sun ; of the second " dril'ting " light ; <rf 1 
third " star drift." The rest seem miscellaneouB, and contain Mallet's " Thei 
of Volcanoes," " Towards the North Pole," a narrative of the Arctic Eijw 
tion of 187B, and an account of tbe tremendous wave which, in 1876, swi 



» Pacific Ocean from Fern aortbwnrds, and which b ahown to be duB tu 
au upheaval of the ocean bed. Then we have our old frieuda the kraliei) 
and sea-serpent : followed by some " marvela in telegiaphy," and tlia phono- 
graph. The gorilla, food, ozone, dew ; the levelling power of rain, and 
ancient Babylonian astronomy, complete tie list. 

The book is essentiallj light and readable, suited to the " many who wish 
to leam about scientific dieeoveries without special labour, for wbidi some 
baye perhapa little taale, and many scant leisure." 

Works of this kind are especially valuable for filling- the smaller gaps in 
busy men's lima to Bome profit, and without strong mental effort. A de- 
tached e^ay can be read, when a treatise would be neglected. Mr. Proctor'a 
lucid style of writing materially aids in the mental aasimilation of bia topics, 
Nodoubt small inaccuracies may be found here and there; but the book hardly 
deeeires tbe fastidious and somewhat pcttiah tone of general condemnation 
Jith which, under well-known initials, it has elsewhere been received. 
Ep W. n. Stobe. 

THE ErCALYPTU.S.' 

ALIKE tJie ectentjfic and unjicieatiGc reader may profit by a perusal of 
tbia excellent manual of eucalyptus-planting. Its author, from his 
position as A)^cultuial Inspector to the Oovemment of Algeria, writes witli 
anlliotity, and adds to his own valuable experience a large number of facts 
bMriog upon this most important and interesting question. The Staa- 
fypttu ^kbvluM (or Australian blue gum tree) is not only a fast-growing and 
omamtiQtal garden tree ; it is not only possessed of anti-febrile qualities to t, 
remarkable degree; but itis moreover very productive from an eEonoinic and 
commercial point of view, ofibrdinga great variety of chemical and medicinal 
products, betddea timber of excellent quality and astonishingly rapid growth. 
The plan of M. Certeui's little work is judiciously adapted to the wants of 
hiB readers. There is a general catalogue of Eucalijpli to begin with ; and 
IbUowing this is a clas«fication of those species with which growers are moat 
bmiliar, each being considered from varioua points of view. Thus we bai*e 
only to turn to the index to find out which especial tree thrives in plains, 
marablands, or sandy soil; which is richest in essential oils and tawiin; 
which is the moat effective in sani^ing unwholesome districls; and which 
most apeedily yields grateful shadow, Wo have also abundant information 
upon the varioua methods of planting and cultivating tbe tree, and the cost, 
as illnstrnted by the largest and most important experiments that have yet 
Ijeen tried, namely, those in Algeria. Lastly, we have a list of the multifari- 
nuH, economic, pharmaceutical, and artistic preparations from Eucalypti, with 
many other details that the leaat scientific reader must find both interesting 
nod instrnctii-e. 

\Vhen we conridei that M. Certeui's classified catalogue embraces 21B 
cpeciM or varieties, we shall see the difficulty of the task he has performed 
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kj er^rutaentjffXL^W nod evidently con amcre ; the subject exercttiiig^ an extnr 
ordioAiy iiucixiAtion npon all who tahe it ap. 

To Ahow how much attention ha« been given to the eocal jptua in iti 
adopted home of Algeria, we wiU only mention one fact. In 1876 there were 
no \tim than 110 epecies growing in the experimental plantations of £l-A]i& 
belonging to one chemist alone, M. Cord^. This, probaUT the laigeBt 
collection in the world, is due entirely to private ente r p rise, and too mod 
praise cannot be accorded to such services rendered to science in the teeth of aU 
kinds of difficulties and disadvantages. All who have made thenuelves 
familiar with French colonization in Algeria must admiie the puUic spint 
displayed within the last twenty years on behalf of the riboittment or le- 
planting of the country, a measure so necessary alike on sanitary and 
economic grounds. Already the effects of this movement are being fielt in 
many district", and M. Certeux points out other benefits likely to aocme 
from the young eucah'ptus forests. 

Take the prevalence of ophthalmia in treeless countries, for instance. We all 
know that the glitter and blaze of the Egyptian or Algerian atmosphere 
acc/iunt for the painful maladies of the eyes and blindness so common in these 
c^mntries. Plant the fast-growing, umbrageous eucalyptus trees, and the 
causes of the evil would disappear. Again, we have here many novel and 
interffsting facts for the bee-keeper. The eucalyptus, in consequence of its 
abundant flowers, attracts the bees, and wherever it has been planted the 
bee has followed it ; the species best adapted for apiculture being the E, 
(j^Amlus, E, gigantea, E. odorata, E. roseafa, E. amygdalina, sjid E. nderottylui. 

Many valuable preparations have already been added to the pharmaoopcsia 
by the essential oils, bark, and leaves of this tree, and there can be no doubt 
that others await discovery. M. Certcux^s manual will prove equally useml 
to the scientific student therefore, since he gives not only a list of the dif- 
ferent medicines and medicaments, but an analysis of each. He also gives 
extracts from the treatises of M. Cloez and other analytical chemists who 
have made the eucalyptus an especial study. On the whole, this is a little 
work botanists, agriculturists, and the lovers of natural science generally 
will do well to consult, and it has the advantage of containing a vast amount 
of information in a small compass. 



THE GEOLOGY OF IRELAND.* 



11/ ITII Prof. Ram'sey's " Physical Geography and Geology of Great Britain,'' 
' * Mr. Horace Woodward's " Geology of England and Wales ** and Prof 
null's " Physical Geology and Geography of Ireland," it might be thought that 
the ordinary reader had an abundant supply of information upon the structure 
of these islands, but an examination of Mr. G. H. Kinahan's '' Manual of 
the Geolo<ry of Ireland " will show tliat upon this part of the kingdom at 
any rate there was still a good deal to be said. Mr. Kinahan in his traat- 



• " Manual of the Geologr of Ireland." By G. Henry Kinahan. 8vo. 
London : 0. Kegan Paul & Uo., 1878. 



ment of the aubject goes into more local detail than Prof. Hull, Lie work in 
lliis respect exhibiting some resembltuice to the secand of those cited above, 
and by this means he succeeds in producing a very Tivid ]ucture of the 
l.-eological atrncture of Ireland. In some pointa of stratigraphical peology 
hfl dilfera in opinion from the survey of which he is a member — the Lower 
Silurian rocks of the survey are for hiai Oambro-Silurians — ibe Old Red 
Sandstone of Ireland, at any rate, fiiUowa the Yellow Sandstone into 
the Oarboiuferous series : and his tresitmeut of the unmistakable members of 
the latter differs somewhat fi'om tliut which must be re^-nrded as orthodox 
from a aurvey point of view. Tlie author does not, any more than Prof. 
Hull, recognisB the presence of Pre-Cambriao rocks iu In^land, so that we 
must wait until Mr. Hicks can make an esploration of the Sister lale, 
before we can hope to hear of the existence of Irish Pebidians, Dimetians, 
ud Arronians. 

Id his first section Mr. Kinahan treats of the Sedimentary formations; 
Ua second is devoted to tba metamorphic and eruptive rocks, upon the 
ntnre and production of which, as is pretty well known, lie holds certain 
O^nione of his own. His vii;wa with regard to metamorphisui are stated 
ulbllows: "Metamorphic anderuptive rocks. . . are intimately canned ed, all 
bfing indirectly due to Metamorphic Action. . . . One kind of metamor- 
phistD ia R^itiatd, or extends over lar^ areas. Tbe rocks atlected by it 
n to have been under tbe inSuence of inteusely heated water or steam 
wliioli, u it were, stewed them, from which the action may be called 
Mtl^fpti*. Another kind is merely Local, its effects being only found 
immtsdiately adjoining intruded masses of rocks, or in the vicinity of 
mta where gases, steam, or other producte of vulcaiiicity found egress. 
When typical, this kind of metamorpbism produce in the rocks an appeor- 
mee as if they were baked, from which it may be called Paroptetii. It 
ii not, however, always typical, as many of the altered rocks must 
bars contained moisture, which, when heated into steam, would give 
iMtdta mxire or less Bimihtr to Metapepsie, except that the action wonld 
In confined to limited areas. . . . There i,i a third class of Metamorphism 
lAich is also locul. It is due to the intniduction and action of chemical 
I ibstancea from without : it baa been called MrtAylotii. . . . Mvtapep- 
tie action is the metamorpbisiu that is most iuterealing to tbe geologist, as 
it is by the extreme action of it that eruptive rocks have been formed." 
From this point of view Mr. Kiuaban forms a classi&cation of tbe EruptiTU 
aad Metamorphic rucks, in accordance with which be treats those which 
occnr in Ireland in t!ie same local detail as tbe sedimentary deposits. 

A third section treats of the superficial accumulations and includes not 
only a discussion of the Drift and Glaciation of Ireland (tlie details of tbe 
lUter do not appear to be quite so well settled in Mr. Kinahan's mind us in 
thnifi of some other observerK), but also an accoiiut of ancient MO-marf^s, 
gtMt depoaits, and the pre-biatoric remuns of man, upon which Mr. Kinaban 
bta naturally a good deal to say. We have here also a chapter on the 
Post-Pliocene Marumolia. 

Section IV. treats of the pbyscal features of the country ; and Section V . 

of its econoinicnl products iu_ the shape of mioorals, buildiog aad other stones, 

and mineral manures. Thisluatseclionisof much practical imporlaoce, audits 
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value ia increMed liy a liat of miuernl locnUtieg wrai!^ in comitiea, ¥ 
indications of the particular fonn of miDsral wealtli to lie obtained in e 
of them. Tliis section closes with a short nrticle on the water supply, 
an appendix we have n glosaarj af Oeolo^^cnl and Celtic terms. Tha b 
is illustrated witli a good mpny wondcuta of sections and sceDen', mag 
which arti vei'y good, and with eome plates of fosaiL*, the figures tn wh 
although mtber rough, are charncterislic. There 'a also a nicelj- colon 
geological map of Ireland. 

In this little book Mr. Kinahon hna certainly succeeded in prvdudng 
of the most original and thoroughgoing' treatises ou local geology that it 
even been our good fortune to pertira, and geologists are deeply indebted 
him for giving them aa admirable a guide to the goology of lila nat 
country. It is rather sad to see that the book is dedicated to Sir Biclu 
Griffith, wiiose death must hare taken place almost at the time of its pnl 



ALTHOUGH the hirgest volcano of Europe, and the one nMcli,UC 
ing to history and tradition, has been the longest in actioii, ] 
seems to have achieved but scanty fujue in this country, and the anrj 
which the author of the little volume now before us eipelienoed e 
finding that there was no special work upon this mountain in th ' 
language was certunly justified. Its younger Hitter on the coutdneat i 
Italy is much better off In this respect, owinir. no doubt, in part to i 
proximity to Naples and to the comparative facility with which its ai 
can be reached ; in part also to the celebrity attaching to it as at on 
destroyer and preserver of the two cities of Hercukneum and Pompd 
The fabled prison of the rebellious giants and forge of Vulcaa f 
however, received more justice at the hands of foreign writers, among whoi 
Carlo Gomellaro and 8artorius von Waltcrahausen stand pre-eminent, M tl 
Biithore of special ".^tnographies-," whilst our own countryman the lal 
Charles Lyell has eontributud in no small degree to the explanation o 
phenomena presented by tho mountain. In fact, as Mr, ICodwell t^tlt M 
" later writers usually quote Von "Walterehausen and Lyell, and do not ftd 
much original matterj" and, consideriDg the quality of tlie work done fcy "T 
those distinguiahed geologists, this may be taken rather as a compliment to*] 
the judgment of the later writers, of whom our present author is one, SoJ 
far as we can see Mr. Rodwdl in bis little volume (which is an eipsnuon of 
his Br^cla"Etna,"in the "Encyclopedia Britannica") adds little to the stodc ■ 
of knowledge previoosiy possessed by geologists a.t to the structure of tit* 
moantain, although it would be unfair to stigmatise Ida work as a mere com- 
pilation, eeebg that while he cannot claim that it is the product of original 
research, the author nevertheless in bringing it together had the advnntage 
iif a personal acquaintance with the locality under consideration. Mr. Rod- 
well has in pobt of fact produced an excellent and readable popular account 

* " Etna : a Hiato^ of the Mountain and of its EmptMns.** Hj Q. F. 
IhdweU, 8vo. London: C. Kegan Poul & Co., 1878. 




of the great Sicilian volc&no. lla opens with a history of the mountaiu, 
OT rather of the knowledge of the momitmn, tlien describes its physical 
ieatUFBS in detail, indudjn^ io tbis category the peculiaritiea of diatribution 
of saimal and vegetable life upon its Hurfuce; givea an account of bis 
experience of an ascent to the siunmit, which iucludee many useful hints for 
thoK who may derare to follow in his footsteps; and finally notices the 
varioiu towns situated on the slopes of Etna itself, which are interestdii}^ in 
many respects, and appear to be in a flourishing' and increasing condition. 
The fifth chapter contains a ('hronological account of the recorded eruptions 
of Etna, of which the author notes seventy-eight, the earliest in the time of 
Pythagoras, D.c. C25, the latest in 1874, The earlier traditions, which would 
carry bock the activity of the mountain as far as the year 1220 B.C., are 
mentioned by ill. Ilodwell, but not regarded as sufficiently authentic to he 
relied ou. In most cases, but especially with reference to tlie more violent 
eruplione, the phenomena manifested are briefly described. In the ^th 
chapter the author descants, briefly, as may be supposed, upon the geology 
and mineralogy of the great volcano, and iiere we iind references to recent 
iLvestigations by Professor Silveetri, and to the results of ori^nol researches, 
jupplementcd by an appendix by Mr. Frank Rutley ou tho microscopic 
characters of the kvas of B.C. 396 and a.d. 1636, lOa'), and 1680. The con- 
itituenta of these lavas are " pla^oclose, augite, olivine, magnetite, and, in 
fome cases, sanidinc— possibly titaniferous iron — and in some, if not in all, a 
«%ht residuum of gloss ; " and Mr, Kutlej remarks upon the close similarity 
of structure presented by these lavas, the tirst and last of which ore separated 
liT an interval of more than 2,000 years. Drawings showing the micro- 
arapic structure of these two lavas are given. The other portions of the 
buok are fuUy illustrated with drawings and maps, some of the latter 
coloimd. 



SIIATIilAN FOSSILS OF GIRVAN.* 

rBOVGHOUT the South of Scotland, wherever fosailiferous rocks occur, 
they are so twisted and twirled about that the attempt to arrive at any 
definite conclurion as to their succession is a matter of no small difficulty. 
One of the beet eiamples of this is to be found in Mr, Lapwortb's recent 
paper on the rocks of the Mot&t district, the extreme complication of which 
could only be elucidated by years of work upon scattered exposures of beds 
COntMninggraptolitee. Still further west, in the district of Qirvan, in Ayrshire, 
the Silurian rockH are almost equally confusing. Great masses of eruptive 
locks hove been pushed up through the sedimeotary and metamorphic bedfl, 
and the latter have, in consequence, been thrown into several folds within 
thf diirtance of a few miles. By the action of faults and of rivers cutting 
dnwn into these deposits the fosailiferout^ Silurian rocks are exposed here 
and there ; but the exposures are so unconnected that the correlation of the 



■ "A Monograph of the Silurian Fossils of the Girvan District, in Ayr- 
dun." Bj H. Alleyne Nicholson, M.D., Ac, and Robert Etheridge, Jun., 
I Fksciculus I. 8vo. London and Edinbui^h : Blackwood & Sons, 1878. ■ 
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I only l>e effected by a tlioroufrh iaresligatjon of tbeir 



This is tbe'^tftak which Mesars. Nicholaon ADdEtheridge liaye set tlienifclm 
to fulfil, with the tdi of a pr&nt from the Koy&l Society. A con^derable 
nnnibBr of foaaila bad ttlrwidy been dMcribed from the Girvsn depodle ; hut, 
as n, mMtei of course, in many cases the descriptions were unaccompanied bv 
those precise strattgrapbicti] dt>taiU which alone could render them available 
for the interpretAlion of the beds: uid tbe autbora were under the p-renltet 
obligationa to Mrs. Oiay, of Edinburgh, whose collections, amused with the 
greatest core, were pieced freely at tbeir dieposnl, Accardingly their mono- 
graph of tbe foasiU, of which the first fasciculus is now before ui, is stated 
on its titlepage to bear fpecial refereuce to tbe fomils contained in the 
" Grey collection." 

In this first fnsdculus the authors describe the Rhixnpoda, corale, and 
trilobites which hare beeji collected from the Silurians of Girran, and which, 
especially in the first two groups, include many exceedingly interesting 
forms, a great number of them Tepraaauting species and even geaere pf«- 
viooaly unrecognised. The study of the corals leads tlie authors to certain 
general views ss to the age of the deposits from which they are derired, and 
they distioguisb the following local divisions:-- 

1. Tbe Craighead limeGtone, which contains a peculiar act of corals, indi- 
cating Lower ijilurian age, and bavinz an American focios, leading tbe 
authors to regard it as corresponding' to tbe upper part of the Tninton 
Limestone, or the base of the Cincinnati and Hudson River formations of 
North America. 

2. Tbe Mulloch Hitl bods, containing HdioUtea iatfrainctus and other 
fossils, indicating an age equivalent to that of the Upper Llondorery. 

3. The Penkill beds, with the above Sdialiten, Halyiita catenalariai ud 
a species of Caiottylit, indicating a poaition in the lower parts of the Upper 
Silurian series (Wenlock?). 

4. The Shallocb mill beds, contiuning Favontn guthiandieut and 
Alveotile* Labeciiei, nmmistakably indicating Uppr Silurian age. 

6. The Balcletchie beda, coarse, fossiliferous volcanic ashes, with very 
few corals, which the aotbcrs suppose to be nearly of the same a^e as the 
first mentioned series. 

It will be seen that although tbe materiaU for forming a notion of tbe 
stratigraplucal relationship of the:^e deposits are still scanty, certain definite 
pcnnts are already laid down, and in all probability the authors will be able, 
Iwfore concluding tbeir labours, ta arrive at snlisfactory results. Under any 
circnmatancea, however, even if the extant material be insuiScient for tU» 
purpose, they will leave to future invoatigalnrs of this interesting district a 
great mass of most valuable material admirably worked up. It is, )n fhctf 
impo3»ble to apeak too highly of the conscientious and careful manner in 
which Messrs. Nicholson and Etheridge have performed their self-impoMd 
task; but tbeir style of work is ao well known to all palceontologists, that 
we may spare ourselves the trouble of seeking for complimentary phrases ' 
which to express our appreciation of tbeir present efibrt. The work ta 
illuatmted with nine plates of fosuls, litbographed by Mr. Berjeau, parti] 
from nature, partly from the drKwiugs of Dr. Nicholson, and of ' 
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on only e&j that tliey are equally deserrinK «{ praise with tlie literarj part 
of the book. Aa a whole this fascicuhis Is a piece of pBlteontographical 
vork of the veiy highest chaiuctpr, and we trust thnt tha authors may he 
looraged, by the reception it meets ^ith from their confrerts and the 
complete it in the same style. 



WEST TORKSmfiE,' 
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FR the ^ologist the great couoty of Yorkshire must bo looked upon aa 
clawical groiLud. In 1830 John Fhiilip»i, in the lirst part of hia 
" Ulustrationa of the Geology of Yorkshire," which treated of Uie Yorksliire 
coast, gSTe the earlieat practical illuatrBtion on ao extended scale of the 
application of the principle of determining strata by their organic remains, 
which bad just been promulgated by bis uncle, William Smith; and the 
eoimty haa ever since been noted for the great amount of atteotbn which 
"leen devSted to its eieeedingly interesting geological structure. In 
Phillips completed hia work on the geology of hia adopted county by 
publication of n second and much larger port, in which those portions of 
Yorkshire Ijing to the west of the great vale of York were most elaborately 
sribed; end at that early date no other county in England could boast 
of havings its geology so tioroughly worked out. 

This pre-eminence has doubtless been considerably diminished in the lapse 
of more than forty years, partly by the progretn of individual research, and 
putly by the action of the Geological Survey in other countiea; and unquea- 
donably by both these ageacies eome modifications have been introduced in 
the geological idea of Yorkshire as originally drawn by Phillips. That 
geologist had, indeed, nearly prepared for publication a new edition of hia 
fiist part (subsequently brought out under the care of Mr. Etberidge), 
embodying the results of investigations which had been made by others 
npon the eastern part of Yorkshire. The work of Messrs. Blake and Tata 
t^e Yorkshire Lias is one of (rrcat importance ; and the number of 
published in various periodicals upon the secondary strata of the 
ity is Tery great. 

By itfl geoli^ical construction Yorkshire ia naturally divided into two very 

'distinct porta, Right down the middle of the county runs the wide vale of 

Yorlc, with ils'Triassic beda, separating the secondary rocks of the North and 

£Mt Ridings from the policoEoic formations of the west of Yorkshire, aa 

■Sectually oa if the former constituted an island cut off by an arm of the 

8ince the completion of Phillips' " Illustrationa '' the western divi^on 

receired no small share of attention from geologists ; in fact, the authors 

the book before lis give a list of nearl^r fiOO separate works and scattered 

imoirs relating to the fjeology and physical geography of the region of 

rliich tliey treat, and which includes not only some of the most interesting 

inery in England, but also e.itensivi! deposits of coal, and many great 



" West Yorkuhire : nn Account of its Geology, Physical Geography, 
._ju>toloKT, and Botany." Bv Jomes W. Davis and F. Arnold Lees. 8vo. 
xindon : X. Reeve & Oo., 1878. 
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popcLAR ecie:<ce eetibw. 

■ wiiicli have Bprung up in eoiuequmee of the nesnitf oT 
miut remark, however, thai UeMra. Dstm sad LeM 
ir kttattion in tbubook excluuTelj' to the West Riding of Yurk- 
•Um, Issring' oat of coorideiUioD the western portion of the North Itiding, 
wUci nevertlieleai foniis ■ continuous whole nith the district inrestigMfd 
lij litem. This teems to be a pitj ; hut perhaps the authors mi^bl urge ia 
jefiaee of the eourw they have adopted that their western luundiuy is as arhi* 
iBiy M tbeir Dortbem one, and that thej misht with equal juitice he csUmI 
npon to can; their Tesearpbes into the Dr>ighhourin(^ countiee of Liuwa«hira 
•ad WMtmonland. So let us le thankful for wiuU we hare got and tn 



It BppMn fivm the authors' etxtomenta that the; had hoped to 
in • an^ Tolnme all that the; have t>> toy on the geologv, phfnad. 
^•ognjihr, and botany of ibo Weet Riding of Yarltahire. In tbia espafr< 
fstloa tbiy have lieeo disappointed, end this Erst instalment — whi^ «« 
iiiMiiiiiii, may be repardod ae conetilulin^ half the entire work — includsi ths 
gmlogy of the diitrirt worked out by Mr. J. W. Duvis, and the pfaysod 
ge U KT Bp hy and botanical topography in accordance with the Tuions , 
dnlnage arms, by the combined labours of both authors. 

As the eMtern boundary of the Riding is farmed by the Ouse aiuli 
number it includes a coouderable portion of the Triascic formation ot 
the great central vnlley, but the great mofe of the district ia eompoeed, a> 
above Btatad, of Palfcozcnc rocks. In the north-west isomer the Silariau 
rOchs, which form the chief part of the (idjoiuiDg county of Westmorelaad, 
oempy a small space, and are exposed in coDsiiierable Ihickae^s in various 
seetiaos; aloogtlie eMtera border of the Pnlrco zoic area stretches a gieat 
band of Peitnino rocks ; while the remainiajt epace is occupied by diflerent 
members of the great Carboniferous group, here tbtv fully represented. 
All tbeee formatiuni, with tbeirsubdiviaione, as well as tbn Trias of the vale 
of York so fru* as it falls within the lUding, and the post-Tertiary drifts 
and other more modern deposits which cover so much of the latter and occupy 
parte of the valleys among the older rocks, are described by Mr. Davis in 
accordance with the most recent investigations, checked and corrected by 
bia own researches oapecially among the cool-measuie?. His description of the 
gMlogicnl Btructuro of West Yorkshire is illuetniled with an excellent co- 
loured geological map and twenty-one plates, dxteen of which represent actual 
sections in blaelf and white, while the remunder cont^n coloured diagram- 
matic sections of diflerent partij of the area. Mr. Da\'is thus fimuihes the 
student with an eicellent rimmi of West Yorlsshire geology, particularly 
well adapted to serve as a guid? in its pmctKal invcstij^tion, especially ss 
his lists of the fossils obtained from the dilTereut formations aru very Ml 
and complete. 

In the second part, which is the joint production of both authors, the 
surface conformation of the district is treated of, with apcciaJ reference to 
the distribution of its native plants, which are here noticed in accnTdane« 
with the river dnunage-bftains in which they occur. This section of the 
work \» illustrated with a map of the Riding, in which the dilTereut dnunsge 
aress are distinguished by coluuis. The riduessof the flam appeora finm 
the fact that 1,189 species of flowering plants, ferns, and fem-atliea faaTthOB 
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fbnnd growiag within tiie diitrict, of which 004 are regarded by the 
MtfaoTS Ha truly indigetioiu ; whilst 810 DicHses, 232 lichens, 7a UverworU, 
■ud 388 fiiDgi have also been recorded as nativea. To the rtudeut of bota- 
nical topography this work of Messrs. Davia and Lees, with itji dsscriptioDs 
of physical conditians and lUts of peculiar plants, canuut fail tobeofiaterest ; 
vliile the latter will be most welcome to collecting botanista, whose numbers 
( by no means incoofiiderahle among the handicrafunien of the West 
The second volume, which will treat of the climBtolopy and flora 

r tha Riding and their connecli>)n, will add very considerably to the value 

f thia treatise on its botanical tojiography. 



THE ART OF SClENTniC DISOOVEItY.* 

Tim neces^ty for works of a constructive and mi^Uiodic character, in an 
ope occupied with the incessant gntharing of facts, has already been 
adverted to in these pngus. What Mr. Skartchley proposed to do for coa- 
mmmny Mr. Oore atleiupls in tlie cause of human thought. lie proposes 
" fo describe the nature of original scieulific research, the chief personal 
conditions of success in its pursuit, the general mellioda by which di^ovaries 
ore mode in physies and cliemixtrA', and the causes of failure ; and thus tu 
elneid&ta as far as possible the Kpecial mental conditions and processes by 
neiMU of wbich the mind of man ascends from tiit; known tu the unknown 
b matters of science." 

As a known expert in physical research he has an undoubted right to 
cotttiibute to the long list of such works which luive sprung from the philo- 
topliic mind in varioua ages. First among these comes the "Oiganon" of 
Aristotle, a treatise to which its shrewd and practical author gave the 
familiar name, inasmuch as it was to be a "tool" or "implement" in the 
hands of mental workers, by means of which they should dig out truth. It 
cmM and for all showed the capnbiliii^s of the deductik'e method of logic in 
■TcTtii^ error. Many ages after ;.:\,f» a New Organon, a tool adapted to the 
changed aspect of men's minds, and the dawning of the inductive method, 
cairied only of late to its highest development in the great work of Mill, 

Bnt perhaps the nearest kinsmen of a book like this are the " Reguhe 
Philosophandi " of Newton; nenr, because they too were concerned with 
jihyaical inquiry ; and nearer still because as rules they presupposed an art, 
and did not aim at the foundation of a now science. 

There can bo no doubt, as the writer says, that " an art of scientific dis- 
covery is much more possible now than it ^vn8 in the time of I^rd Bacon, 
and is fast becoming more so, and that the process of seienUiic discovery 
can even now be niucb more completely reduced to order and rule than is 
gwerally supposed." It depends on "a combination of experiment and 
logical inference," the latter of which has been " insufliciently studied, t'le 
toccesB Mfaieved having, therefore, been uttributed too much to accident, to 

"The Art of Scientific Discoverv, or the General Conditions and Methods 
Iteaecich in Physics and Chemistry." By G. Gore, LL.D., I'Jl.S. 
tivo, pp. 648. London ; Loagmans, Gieen & Co., 1878. 
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tlTong intn^nation, nnd to exceptional Datuiml abili^ ; too littie to the !«■ 
brillisnt qnalificntions of aieadj thought, wir-deTelopnient, iTidastrr, m 

The book 19 iu fiva pnrts, the first cod tuning a gciicntl view or the subject; 
the second, genertil conditiona of atientific Tesearoh ; the third, j 
[MiMtioii Tot research ; the fourth, actual working in tlie art : itad the ftflllt 
vftrioiu epeci&l methoda of diacoTery, clflstified, nnd illuslraled b,v n 
eininplet. 

It ia imposuble in n short ncilic« to ^ tUrou)!h ihe miu» of mat 
tained in over 600 pages; but attention mny be dmwn to the remaric* il 
Part II. on " unexpected phenouienn," on " uneipecled or acddenlal d 
veriee," in which, quoting Whewell, the wriler lays down the rule that "' 
■cientific diacoveiy can with any justice be considered due to accident, 
whatever manner facts may be presented to the notice of a discoverer, tbof 
can never become the materiBls of exact bnowled^, unlasa tbey find hit 
nind already provided with precise and suitable conceptions by which lb«f 
mny be analysed and conuected." Very much llie same remarlc was quaint^ 
made by Aristotle iu the apboriam that "AU knowledge cornea out cd'tt' 
known before." 

Th(! whole third part is dcat-rving of study by those in char^ of p 
and intelligent pupils. It will T«nd to llghiKn the heavy r 
resting on them. Tho following passage deserves quotation ; "To be b 
before the time is almost as unfortunate as to be behind i 
scientific investigators must, however, bo more or less in advance of th 
time, otherwise they cannnt be original at all. A scientiBc inveeligatOT n 
be before bia age in mure ways than one. Thus he may imagine and p 
advanced and true hypotheses, the complete proof of which cannot be i 
covered until a later period. This was the case ivilh Avogadro 
hypothesis that equal volumes of difibrent gases contain equal numbcn i 
molecules. It is probably the case with some oiisting emiueut tuen I 
their hypothe.'tef . » he may, as Galileo did, and Uruno shortly before hi 
publish his views and the proofs of them at the same tiaio. Hut in eithwf 
these cases, if the views he publishes or evPU appears to hold, cooQiot iritl 
or oiUy appMr t^ cunllict with, the current creeds and unproved dc^maa i 
theological belief, his character is privately attacked, and the minda of feii 
members of bis family (who can rarely understand science, but are em 
influenced by feeling and religious emotion) are perverted, nnd hie hs 
happiness injured. In other instances bis means oC living ore diuiimslied. 
is worthy of notice that every great pioneer of science, including eri 
Newton himself, has been and still is accused by the ignorant of 1 "~ 
false opinions and beliefs, even iu coses where those beliels have b 
to be true. Retreating dogmatisoi continually ."ays to the scieutifio ii 
gator, 'Thus far shalt thou go, but no farther,' but science keeps n 

Part 1\'. describes the selection of a subject of inrestig&tion, the mods 
conducting it, the value of many and various experiments, and of cki 
measurements, the classiBcation and explanation of results. 

The fifth part is more miscellaneous. Empirical methods of diacoveir, t 
entension of neglected or mideveloped parts of scie 



■tte, the iDTMdgation of Ukaly cmnimstances, ilie testing of bjpothasea, 
'i bj comparuott of known truths, bj calculation based qd kaown 
I, and mADj other topics, are in turn cooaiilered, always witb clear per- 
^^^ ft sod Bbuodant apposite illuatrftlioD, We must, however, go back 
the firu few pagBa for a coDfesaion of faith which gives its savour to the 
iJb work. It is there afllrmed that "ooe of the most perfect ways iu 
iiji we can Hhow our obedience to the Oreator and our feeling of thank- 
Mas for the DumberlesB blessings we OQJoj, is to develop new truths, and 
m to hand down a larger share of their good results to our successors. Que 
' the iintttest bequests man can uiake to liis fellow-men is the discovery of 
It genenl truth. Discoveries are living waters, fresh from the founioia 
tutetfigence." 

W. n. Stove. 
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TIIE STEAM ENGINE AND RAILWAYS. 

hod many books, popular and technical, written on thu Hteam 

engine ; but hackneyed as the subject may appear, a purusal of 

Thurston's little voliune * JList publialied will show that there ia 

plenty of life in it. In this excellent treatise, which forms a part of the 

IntBRiational Scientific Series," the author adopts a ralional historical 

it of his subject, tie cotumences with the period of speculation, 

from the earliest rocognition of the motive power of eteam by 

aod other Greek philosophers to tiie time when the Marquia of 

Woeeater tirst succeeded in applying this power to the performance of 

ntl work ; and then describes the efforts made in this direction during 

U he calle " the lirst period of application." In this section of the 

jict we find the steam engine acting as a simple machine, with a single 

ilJAtiou to the busiueis of pumping water, which it eflected with more or 

I Mtcoes*. These rude inventions (among which we fiud engines worked 

■Icohol and gunjMiwderJ performed a certain amount of work, and 

bnigh their defects were serious, the efforts of mechanicians to ini- 

n them led to the employment of many useful contrivances. As 

Amdt Thurston says: "The steam engine, as a simple machine, lind 

n given as great a degree of perfection by the successive improvements of 

fffflweter, Savery, end Desaguliers,aB it was probably capable of attaining by 

my modilicatian of its details," nod " it now only remained for the engineer to 

(amlnna known forma of mechanism in a practical machine, which sliould be 

(■(•ble of ecoDomiung and conveniently utilizing the power of st^am through 

iba applicatiiiu of now well-undeistuod principles, and by the intelligent 

cnnilaiiHtion of physical phenomena already familiar Ui scientific itivestiga- 

ton,* lu other words, the steam engine bad to become " a train of 

lUism," and it ia to the history of its development in this form, com- 

witli the ciforts of Newcomen iu 17Uo, that the greater part of the 

vnlnme is devoted. The author traces most clearly and admirably 




. History of the Growth of the Steam Engine." By Itobert 11. 
H,A.M. Sm. 8vo. London: C. Kegan Paul & Co., 1878, 
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the progrcasiTe steps hy which the gigontie power of 1160111 hftft been a 
subeervieot to livimttn needs, until at length ita appliefttiona have t 
BO general thnt we have cettHed tn marvel at wlint ere reall; tlie mostiE< 
derful triumphs of mechanical eldll. Froui the time whan Wm 
completed hia Iiuprovenients ot the steam engine, about lUo year 17lM, di 
to IGGO, constitutes what Frofesaor Thurston calls the " second pon 
np plication," during which the streugth of the tamed giant was Wnir u 
in iha most various wnya ; and the history of this development of tha n 
cation of steam to useful purposes, and especially in locomotion, both b 
and water,iB given in conaiderablu detail. Then follonsnhat ie 
" the period of refinement," extending from 18JJ0 to the present day — apt 
during which constant modifications and mechanical improvements b 
been introduced iuto the steam engine to fit it for special purposeiS. 
author concludes with two chapters on the philosophy of the steam a 
embradng the physical principles involved in ita construction and woi 
which will he found of great interest and importance. The work i 
ably illustrated throughout with woodcut*, and is undoubtedly the I 
^neral popular treatise on the subject that we possess. 

Professor Thurston natiually devotes n considcruble share of a 
the development of the railway system, which must be regarded n: 
potent agent in that revolution that has taken place in the social 
of civilized nations. Thaclteray eon^dered that in this country, at Kny n 
society passed out of its old into its new development during the rei^ (f 
George III. ; but it has always seemed to us that the old-world condilioot 
prevailed contbuousiy, tinder gradual modification, of course, until a latitr 
date, and that the great revolution in all our habits and modes of ihougbi 
may be held to date its ori^n from the introduction of the railway system 
and of ocean steamers, say with the inauguration of the Manrhesler uid 
Liverpool line in 1830, less than fifty years ago. We know what has Uim 
place since then, within the lifetime of a middle-aged man— bow completel* 
all the habits of people have changed — how eDnrmou!<1y all the capitals ii{ 
Europe and the great centrca of industry have increased — how the el«cliic 
telegraph, springing out of the needs of the railway aystem, has eulirul;^ 
changed the nature of all buainess transactions, and brought nearly thf 
wliolo world close together — tmi how great a progress has been indoMd iii 
n thousand other directions, which may be referred, indirectly perhaps, to tie 
same infitience. 

Mr. Pnrsloe, while gob^ to some extent over the same ground as Piuf. 
Thurston in his account of the first steps in this gigantic innovation, may 
virtually be regarded as taJdng up the story whero the Prolesfor leaves it. In 
his little volume (just published) on "Our Railways."* After some inlM- 
listing sketches illuslrating the old and new systems of travelling, and the 
difficulties and opposition which the introduction of the latter met witfa,tlj 
proceeds to pve a history of the dovelopment of the railway system in t 
country, the construction of railways, tio mode in which the e ' ' 



• "Oivc RaUwavs: Sketches Historical and Descriptivi', with Pnictic 
Information as to l<'area and Rates, &o.. and a Chapter on llsilway Itefor) 
By Joseph Parsloe, 8m. 8vo. London : 0, Kegan Paul 4 Co., lS7flL 



Mtvork baa grown up, the use of eignalB, gauges, brake*, &c., juid tlien 
di-scribes tbe nbole method of railway mansgemetit, tickut«, luggage, express 
iiBioH,the officittl rtafl' of a railway, the system of accounts, imd manageiBeiit 
if tba cl Paring-bouse. He diacusaes thege and many other matters connected 
n-ith rulwajs and railway tmTelling, legislation, and rafonn, and allogetber 
i'ti>«eDtfl bifl readers with a mass of eiceodingly interoHting and ptacUcal in- 
.'rinstioii ou tbe subject, n hie li cannot but be useful in tbe present day, 
u hen, considering the mods in which the railway system has come to per- 
vade our whole li^es, it is of great importance that the public should have 
►Lime idea of tbe working of this mighty agent of change. In the cloaiiig 
chapters of bis valuable little book Mr. Paraloe briefly notices the develop- 
ment of railwayp on the continent of Kurope and in North America. 



THE TELEPHONE AND PHONOGRArH.* 

SO many novel applications of electrical science bare lately been an- 
nounced from the other side of tbe Atlantic, that the reader of such a 
jounul as the Scientific American, unless indeed he happen to be a specialist, 
i> likely enough to get bewildered by the multiplicity of inventions that are 
forced apoQ bis attention. Mr. Freecott has therefore done well to collect 
ioto a aingle volume much that has been written on these subjects, ospe- 
ciaUy on the various forms of telephone. The latest American improve- 
meaU in telephony are here described, and amply iUustrsited. In writing: 
ua such subjects it is difficult to avoid discussing the delicate question of 
priority of invention, and this question is especially prominent in connection 
nitb the Belt telephone. Tbe evidence here adduced tends to show that 
the faioiliir form of instrument known as the "handle telephone," generally 
sltributed lo Prof. Bell, wns renlly devised by Dr. Cbanuiog and Mr. Jones 
in Providence, Rhode Island. The lecture delivered by Prof. Bell to the 
Society of Telegraph Engineers in this country is reproduced in atetuo, by 
Mr. FVeecott, but not without notes which slightly aSect some of the 
lecturer's ttatemenla by pointing out the part which Mr. Elislia Gray has 
played in tbe development of telephony. 

Although the phonograph is an bstroment which is iiot based on elec- 
trical principles, it is veiy properly placed by the side of the telephone, and 
described in detail by Mr. Frescott. We find no mention, however, of 
either the microphone or the megaphone. On tbe other band, the electro- 
motograph of Edison comes in for description; and an interesting chapter 
ii devoted to the subject of Quadruple-^ telegraphy. Curiously enough, 
another section is given up to the description of electric call-bells; while 
the work concludes with a chapter on the electric light. So much, however, 
bu lately been written on electric illumination that the chapter does but 
Mant juiticc to the subject, and rejiresents very imperfectly the present 
condition of the question. Nevertheless some attention is given to the pro- 



I, Talking Pht.nopraph, and other novelties." 
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dilation of light by the tocandi^eceiice of plntinum uid at iridinia ; and 
rutuouT be true-t«D^ed it is an ftUo; of ibete metals itliieh 
employs. No meDtion, bovever, is made of JMison'e Itgbt; nor could 
be expected, as we preaiuaa ihe volume was printed before the taei 
world hs»i been Btaclkd by Ilia mjsterious [laragrapliB which hsTe t 
been circulated on this subject. 

While believiiig that Mr. Prescott's Toluiue will be widely useft 
ofTering & compact account of msn; rucent electrical iii\-eiitioits, it gh 
be mentioned that much of the book ia made up of papers published 
where by Dolbear, Grey, Page, Du Monool and other electricians. 
xhoiild uot object to this method of book-makin^ if the reprints 
quotations \i-ere always dearly indicated by inverted commas or ( 
quotntioQ-markH. Untbttunately, however, euch indicaUoos ate used 
Hpntingly, and the reader is therefore often at a loss to know when 
quotations end, and whether he is reading ike editor's or Mtnebod 
else'd words. There is much coareDience as well as honesty in tlie Amena 
editor's mazim — to render unto scisMrs the things that ate sciMore' 



DANGERS TO HEALTH.' 



THIS is an exceUonl, albeit a very quaint book. It takes its originl 
lecluni (lU Sanitation, delivered two years i^ by Mr. Teate befoK I 
Leeds Pbiloaopliical and Literary Society. " The truth of tht- matter " a 
the writer, " b this, llmt having discovered and rectilied, one by o 
niimerouii defects <if dtainngv ia my own house, and in property nndei i 
charts, and linvliig further traced illness among my patients to scmUi 
CSirolnuleiB and grow diiihooe^y iu dratn work, I became indigmwtly ■] 
to the fact that vory few houses are safe to live in. Probably no wtwk di 
tlirongliuut the kingdom is bo badly done as work in houses, draina, I 
juiies, wUith w out of Mghl." 

Now the qu^Dtnesa and at the same time the force of the book is tlw 1 
ita author outs about remedying an acknowledged defect in ouiiocial< 
ministration. He docs not attempt n U'eatjae whicb would be rflad by 1 
ond understood by fewer. But he takes every form of defect, whether nil 
from ignorance or from dishoncaty, nudhecbalks it upon the wallas a ta 
to evildoers, "The design," he says, "I have set before myself is this, tow 
present |actoriaUy every important fault to which domestic sanitary Kmuigc- 
ments are liable." The fifty-four platca thus form a sort of D«iw 
SSaeahre \ a half-humorous series, at which one fii'St smiles, and Uicu 
shuddera. Each plate is the body of on occujocd house skilfully di*Beoieii 
The baby is in its cot, the maid is in the dairy, the kettle is boiling on tii'' 
kitchen fire, the invalid in her bed, the meat is in the Wder, the cotter 'n 
smoking at his door, the women are gossiping around the common pump 
But the picture goes below the Eurfoce ; the various faulty drains, and inlet!' 

• " Dangers to Health. A pictorial guide to douieslic sanitary defert*. 
BC Plates with descripUong by T. Pridgin Teale, JIA., Surgoon lo tilt 
General Infinnary, Leeds. t<vo. Leeds: Charles Ooodoll. London: 
ChuiohiU. 



are eiao ahown in Bectiou, and &am each source of infection 
K glukstiv ainuoiis blue line ending in a forked tail like tli»t of a goblin. 
nerei see the body of this skeleton in tbe cupboard, this douieHtic demon, 
his scorpioD-like tail encircles meat, milk, invalid, and baby alike. If 
thing were not strictly true it would be ludicrous, but every plate is given 
«und authority ; in moat cases name and place are duly recorded as means 
Luthentication. Mr. Teale is evidently terribly in earnest. He proc- 
ily apologises for bis method in tbe familiar quotation from Horace 
at eyes and ears. But his conviction is none the less contsgious ; and 

r father or mother, aft«r seeing this book (it does not need reading) 
his bouse in order, in terror of the Visionary Tail. I 

w. n. stosb. 
PHYSICAL SCIENCE.' 
BIS can hardly be called a new book, siuce the lecttu^s on which it is 
founded were delivered as far buck ns 1874. Buttumatl«r aa well asm 
le it Ktains a certain freshness which will long prevent its becoming an 

rhe methi)d of its g-eneas is plwnly indicated in the Preface. " The 
lowing Ijectures were given in the Spring of 1874, at the duare of a 
mber of Irienda — mainly proreasionnl men— who wished to obtain in tliis 
ij a notion of the chief advances made in Natural Philosophy since their 
ident days. 

" The only special requests made to me were that I should treat fully the 
idem history of energy, and that I should publish tbe Lectures verbatim." 
To the history of energy, its coDservaliiin, dissipation, transformation, 
iTces and transference, after some introductory remarks, sis Lectures are 
roted. Tbe transformation of hent into work gives origin to an excellent, 
dd, and untechnical account of Camot's ideas. Radiation, absorption, 
d apectruni analysis occupy three chapters ; the conduction of Heat, with, 
lurier'a Theory, furnish the eleventh ; and the last two of the tUrteen 
aadet the intimate structure of matlor. 

Anything like mathematical analysis and even tbe abstruser parts of 
entific termioology seem to be rigidly excluded ; on the other hand 
utrative experiments of the most apposite and striking kind are freely 
Mered ihroujih the book. 

Sir William Tbom.son's high claims ai a discoverer are justly insisted on. 
Tb« charm of the book is the extreme neatness with wbich difficult ideas 
9 brought home to tbe reader, without any sacrifice of accuracy. .\ boy 
*« upper forms of a good school could follow every word, and would 
\ RUck more intellectual nourisbiuent than from " Science in a Teacup,'' 
little Experioieuts for Little Kuisances," and the like. 

W. H. StOHE. 
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TTTTTHIN the last few months it lina been our plennant duty to notiee tw 

W books by Mr. F. G. IleiiUj— tlie " Ferii;World " nnd the "Fem PftmliM" 

and WA have now received a tliird voliune by tJie same suthur, entitled *' Our 

Woodlajid Trees," mill whitli we mo ifpoaeible even mons pLe&aed thfta 

with the writer's earlier works. It may at firet appeor, as it did lu us, thitt 

a popuhkr book on trees was unfortunate in making its d^ut at a time 

" When all aloud the wind doth bloiv, 

And eoHghing drowns tbe parson's 

And birds sit brooding in the snow, 

And Marian's nose looks red and rs 

But Mr. Healb is such a thorough enthusiast in hia odmimtion of natit 

that his new book must, we feel sure, give delight to readers of almost a 

age, no matter how ungenial their suiroundings may be. Thougla "' 

Iraves have fallen, and lie scattered and dead on hill-aide and in hoUow, yet 

trees are lovely still," and Mr. Heath's agreeable and chatty description 

1 woodland scenery suem actually to bring to one's senses the plessaDt 
scent of the hawthorn and tbo honeysuckle, even in the nudst of ln«s 
burdened with snow and glittering in the winter sunshine with pendanl 
icicles. The plan of the book is extremely unpretentious, and it is perlup 
to this that it owes its principal charm. Degiuning with a lirisf explaaatiai 
of the growth of a tree, its structure and its development, in tha aoeai 
part of the book Mr. Heath conducts us on " Some Woodland Rambles " 
«nd about the New Forest ; and here it is that he has so favourable ■) 
opportunity for the display of bis intense appreciation of tlie charms 4 
English ecenery. Lending to the actual beautiea of the New Forest « 
increased and more romantic chnrm are the innumerable historical a 
ciations which cluster around this early Norman hunting ground. Anil : 
would perhaps be difficult in tha whole of England I0 select a spot moq 
suitable for illustrating the beauties of English 'Woodland scenery tlun tla 
which Mr. Heath has chosen. He speaks, too, with so ket>n and loving I 
appreciation of the ch&mung scenery through which he wanders as to mi 
with him all but the most unsympathetic of readers: the ivy aeams 
cling kindly round his heart, and the sweet-scented honeysuckle to twi 
its branches around his imagination— he writes as it were in a bowsr of W 
flowers, and the sweet scents of the forest and the meadow hover with ball 
freshness around his pen. A tliird part of the book is devoted to " tMM 
Home,'' and pleads eloquently for the increased cultivation of Trees in I 
neighbourhood of our town and suburban residences; while the foattli||i 
occupying not far short of half the volume, con^sts of descriptiona 
British Woodland Trees — descriptions which are simple and untechnical, H 
which may be read and understood by all. While the woodcuts ilIu«trM£ 
the earlier parts of tha book having been admirably engraved from pbol 
graphs, or from the drawings of such well-known artists as Harrison Wl 



and Birket Foater, need no word of commendnlion from 119, of the coloured 
ptfttea illiuti&ting the last portioD of die n-ork we must speak in kigli terms. 
Theea plates confliat of csaropleB of the leaves of common Britiali trees, aud 
have been cuefully coped &om ph0toq[Titphs wMcb reduced the Bpecimeos to 
half their natural uze. Nearly all these illustrations are exceedinglj )^d, 
wnd the author assures us that exceptional attenlion was paid to the faithful 
deUneation of the venation ; the Teiireseatntions of the conifers in particular 
are deeerring of high praise. 



FOLK LORE.* 
rrTHERE are few tliiaga mote curioua than tlie superstitious notions enter- 
i- tainedin various places with reKard to natural objects and phenomenal 
and Ut. Thiselton Dyer, taking due adyantageof the interest attachiug to the 
subject, has made a very amumni^ book out of ■' English Folk Lore." It 
would require a considerably lurg:er volume, however, to do ful! justice to 
such a subject, and we fmd a good many things omitted which ought to 
hare figured in it. Thus to take only tAVO Shakespearian enamples, Mr. 
Pjei quotes the reference in Hamlet to the disappearance of ghosts at the 
crowing of the cock, but omits the much, more interesting statement that 
ahnost immediately follows : — 

" Some Bay that ever 'giunst that season comes, 
Wherein our Saviour's birth is celebrated, 
This bird of dawning ungeth all night long : 
And then, they eay, no spirit dares stir abroad : 
The nights are wholesome: then no planets strike, 
No fury takes, nor witch hath power to charm ; " 

andagunquoting, not directly, the reference to the" toad, ugly and venomous, 
no mention is made of the " precious jewel in hoc head," which, we cannot 
help thinking, manj of Mr. Dyer's readers might like to know Bometbiog 
about. There are several other references to the toad in Shakespeare which 
would be deserving of Mr. Dyer's notice when his book comes to a second 
edidon, which we uncerelj hope it may soon do. As be has no reference at 
all to cattle in his present volume, we con furnish hi i^ with the foUowing- 
curious superstition which we heard of a good many years ago from an old 
Esiax woman. The cattle in the stalls, according to this authority, always 
bow theii heads towards the east soonafter midnight on Christmas moroing; 
and she remembered having been taken, when a child, to witness the cere- 
mony, but, OR Iht morning of old Chrutmag Day, the cattle had resolutely 
isfiieed ia accept the new style. About half Mr. Dyer's book is devoted 
to the superstitions connected with natural objects, the moon, plants, and 
^nimBltt ■, the reminder treats of charms, birtlis, deaths, and marriages, tha 
day* of the week, the months, and weather, &c. 



rdwicke & Bogue, 1878. 




SCIENCE UAXUAXS. 

rlhttt itn of Kioitifie adioal 
Ckioglit tint Ibeie waa hardly ncn far s MW Mt i bat : 
fidded DO donbt li^a Krand knowledge of tibrirnvnbnnn 
■eriaa of " StMeee Claaa BMika,'' * under tfe cdhacial 
OtttJ Potter ud Ur. FUlip Xafcnni. Fire of tbae Stde 
before tu, only me of which relalea to a Eubject pertaining 
atn^aa of the edhon, namelr a tieatice on " IIjdioetBiici 
hj the Mcond of tbem. TIiU, tiie aatbor tells tu , '■ is inteaded 
thcae ptqdle in the apper forms of schools who have already 
clementaiy knowkdi^ of the principles of mecfasitica,'' and 
statement a verv curaoiy inspMtian of the text 
was not intended for be^nners, indeed we ^hoald haidtv hiire thonf^bt 
it was dengned for the lue of ecbooIboT? at all. The information 
in it is of the moet accurate and useful deacriptioD, but Infra ite eitren 
condensation and ibe constant lue of mathematical formula, we Aoa 
regard it rather as a osefol memorandumbookforsomewbatadraiicedetodu 
tbsii as an ordinary scbool-claes work. We notice that in consideration 
the recent diKoreriee of Meesre. Fiet«t & Cailletet, the author recogmsM 
more iotimate connection between the two branches of his subject tins In 
we think, ufuallj been admitted. 

Dr. M'Nab's trealisea on the Morpholt^ and Phmolojfj of Plants and ( 
Systematic Botany, are also intended epeciaUy for the use of the upper fbfm 
but the author seems to hare at the same time had in Tiew the sdvantma < 
■till more mature stadent^ ; in fact, in his preface be epeciaily ancounees h 
hope that they may " supply the wants of medical and other stndaDtl 
For these more advanced students they seem to be admirably adapted, ai 
will ahio furnish on excellent fniide for tboee who are commencing- th( 
study of plants. All these volumee are copiously and well illustrated. 

Of Prof. Macaliflter's two loologica! Tolumes we can hardly speak in 
high terms. Zoology, especially when treated srstematieally, is so i 
Buhject, that it seems impossible to give any sf.tisfactoTy account of it 
the compass of two little books of 140 and 130 ps^r^ ; such a sketch 
only be a bare outline, and to malie even this salisfsctoiy in its own i 
the author requires to have a grasp of his subject such as few zoologists 
boast. Prof. Mocalister baa unfortunately attempted to popularise 
sketch more or less, and in consequence baa in seTeca) places eonve; 
erroneousor imperfect impTesaions to bis readers. Prof. Macnlister'svolui 
lire freely illustrated, but the illustratioca, many of which are old acqtu 
tances, are certainly not so good as those of the other volumes just noliE 

We may perhaps include under this same heading a series of books | 



• " The London Science Class Books." Edited hj G. Carey FnatOT . 
Philip Magnus. Iljdrostaticfl ani Pneumatics by Philip Magnus; Boti 
(3 vols.) by W. R. M'Nab; InvertebraUi and Vertebrata (2 vols.) 1^ 
Uaoalister, Small 6vo. London : Longmans, Oreen & Co., 1S78. 
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r. Thomas Twining* nlthoug-h these are iotended more for the 
puidaoce arid iodtruciioii of teachers thaii as treatise to be read bv etudeuts. 
Mr.Twiniog, sa is well known, has devol«d much attention to theBubjectof 
education, aad especinlly to the diffusion of elementary scientific knowledge 
among the working- classes, with s view to which he got together on bie 
premises at Twickenham an exten^ve miueum of objects and apparatus for 
the illuatration of "' the eoience of dtvilj life." Unfortunately just when this 
interesting collection was ready to be transferred to a central position in 
London a fire broke out in the building' contnining it, &ad the results of 
Jjfleen years' labour were destroyed. In connection with this economic 
mnaeum while it was etill in existence, Mr. Twining prepared a series of 
lectures, which be baa published, preceded by an introduction describing 
the mode in which he thinks his lectures may be best employed, and giving 
cerbun other details ia connection with the course of instruction laid down 
in them, and the best mode of conducting examinations to test the advantage 
inuned by the hearers. The lectures and introduction are published in six 
parts, which may be obtained separately, each part containing two lectures. 
Uf these three are on Mechanical Physicfj one on Obemical Physics, two on 
Chemistry (Organic and Inorganic), one od the Mineral and Vegetable Ring- 
doniB, one on the Animal Kingdom, and two on Human Physiology, and the 
uries is arranged so as to lead up to the practical application of the last 
to the piuposes of ddly life. The idea is an admirable one and exceedingly 
veil worked out, the lectures beicg at once simple and good, so that they 
may eilher be read in extnuo as the author proposes, or employed to furnish 
the akeletons of discourses to he filled up in the lecturer's own style. The 
indications of diagrams and iUustratire experiments, of the apparatus for the 
performance of the latter, and of books of reference for the use of those who 
wish to supplement the information bere given by reading, render this an 
exceedingly complete and valuable publication, which we can recommend 
with perfect sinceritr to the notice of all school teachers and amateur lec- 
tueta on the eabjects which it embraces, and also as a reading-book for 
be^^inners. We are glad t^ learn that Mr. Twining's labours in the cause of 
scientific education have met with due appreciation in Paris, the present 
aerieaof books having received the honour of a silver medal from the Jury of 
■he recent International Exhibition. 



THE GEOLOGIOAIi llEOORD.t 

WE baTe much pleasure in announcing the publication of tlie third Tolume 
of the "Geological Record," mbich contains an analysis of the geolo- 
pesl litenture of 1876. The general plan of the work has undergone no 

* *' Science made Easy ; a Series of Fanailiar Lectures on the Elements of 
Sdendfic Knowledge most required in Daily Life. I^pared in connection 
with the Twickenham Economic Museum, for deliveiy at popular institutions, 
far the use of S'^hools and for home study." By Thomas Twining, 4to. 
London : Uardwicke k Bogue, 1878. 

t The " Geological Record for 1870." An account of works on Geology, 
HiiiBralogy, and Pal IB ontology, published during the year, with Supplementi 
for 1874 and 1875. Edited by " . Wbitaker, B.A. Sro. London : Tayloi 
■od Francis, 1878. 
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change, but one or two imnor mo^fications hare been made in itwbichinno 
way affect the usefubiesB of the '' Record " as a work of reference. Appended 
to the report for 1876, are two sapplements containing references omitted in 
the previous volumes for 1874 and 1875 ; these of course add to the com- 
pleteness of the book, but for convenience of reference vre cannot help 
thinking that it wouM be better to work these supplementaxy articles 
into their places in the body of the work, simply indicating by dates in 
brackets that they belong to previous years. Most of those who oonsolt the 
^ Record " do so to inform themselves as to the literature of some snlgeet in 
which they are interested, and care little for the historical fact that a certain 
amount of work was done in a certain year ; and it must be bone in mind 
that, as the number of these supplements increases, there will be a cone- 
spondingly increasing difficulty in consulting the volumes for information 
upon any particular department of geological investigation. We throw out 
this hint for the consideration of the editor, fully recogniong the impor- 
tance of the service done by him and his coadjutors to their brother geo* 
legists, and hoping most cordially that he may realise that seeming 
Utopian vision of seeing a copy of his little book, as he modestly calls it, ia 
the hands of every geologist. Considering the value of the work and the 
low price at which it is brought out, it is a matter of wonder that eveiy 
year the editor should have to sing the same song with its burthen of ^ BKse 
subscribers wanted." 
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ANTHROPOLOGY. 
n« Wiidtmi'Teetk and the SinUiUioa of Jfaii.— The results of Prof. Man- 

t^gazxa's researcben on the posterior molar teeth is iuqd, which ore briefly 
referred to hy Mr. Darwin iu his " Descent uf M&n," have appeared in a 
memoir entitled "11 terzo mokre oelle razxe iimtuii." publi«bed in the 
het number of the " Archivio per rAnthiopoloijia." Theeo researches were 
Hudertaken to test the soundness of the view put forward bv Mr. Darwin 
that '' the poeteiior molar or wisdom-teeth were teudiuf; to become rudi- 
oiFQtArj in the more civilised races of man," and the rich craniological coUeo 
liim in the national muaeiun at Florence, which has been carefully esanoined 
bi Prof. Mantegazza, muat have afforded ample materials on which to found 
»Q oittnion. .\fter rejectinR those akulls which were too old, too young, or 
too imperfect to permit of usefiil investigation, no less than 1,249 skulls 
Yttst^ through Vrol. Mant^Bzza's hands-, of which 844 were those of 
nndem highly-civilised races, S77 those of modem inferior races, and the 
>uiuniiig 128 belonged to Romans, Etruscans, Phu^nidans, and other 
BMirtns of antiquity. From the investigatioD of these skulls he ficdg that tha 
"isiiom-teeth are more frequently wanting in the superior than in the 
inferior races of man, the proportion being 42-43 per cent, in the higher 
'Jiiim. lO'Sfl per cent, in the lower types, which result agrees entirely with 
Mt. Darwin's view. Prof. Jlantegaxza, however, finds that atrophy of the 
•iirf molar occurs less frequently in the higher than in the lower races, the 
pfjpirljoa in this case being 1000 per cent, in the higher to 20-68 (or very 
lilllu short of double) in the lower tj-pes. While in the lower races the 
iWunual and normal coses are virtually equal (tha figures being GO'44 in 
''if litter and 49-46 in the former), with the higher races the fact is found 
h ht very diiTerent, there being no less than 62-01 per cent, of abnormal to 
■"•as per cent, of nonnol loeth. The crania of ancient types appear to stand 
iitenoediate between the higher and lower races of modem times, exhibiting 
-*'W per cent, of skulls in which third molars are wanting, and 16'41 per 
"nt. in which they are atrophied. With respect to the number of (angs 
[*«««4ed by wisdom-teeth. Prof. Mttutegazia's investigationB show that 
''u^ teeth have three rootA in &l'S5 per cent, of the skulls of modem high 
""xt, in 4&'20 per cent, of modern low races, and in 46-43 per cent, of 
"wieat types, While wisdom-teeth with four and with two fangs were 
''und to be more common in the modem high races than in any others, 
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<-rn pan of lh*i 1-Iand ...1 .^'imatra. difiVr i:: is:a:.\- impi.^r:ant respects fiom 
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Kiocriardi a;(n.-*f, howi^ver, most closely with that of a Battak, and has 

a >^pJuilic iiKbix of 70->4, so that it belongs to the orthocephalic group of 



Huxley or to tiie auMoIichoceplialic group of Broca. It in to be 

'ed thai the only skulls coming from Sumatra with which Dr. llicciardi 

&ble to compare his specimen were Boven det«ribed by Dr. Barnard 

Davixs in his "Thesaurus," and amongst these there is not a migl6 ezample 

of an Achineee akull. On comparison with tlie akulle of Javaoese, Dyak, 

'apnau, Malay, and Chinese the measurements of the Achinese cranium 

■re found doscly to agree with the DyaJc, but to differ in many important 

pectA from the Malay ; while there is a certwo amount of agreeraeat 

tween it and the Chinese akull, though it differs materially in the character 

the orUta, facial hones, and upper jaw. Interesting aa the description of 

■ akeJeton must prove to nnthropologiats, it must be remembered that from 

Ai^le specimen it is unsafe or rather impossible to draw any sound con- 

ioiui, as the peculiarities observed may be due, not to specific varistionB 

to an abuomml development of the individual. 



ASTHONOSIY. 

l*hot-graph4 '/ the Tutal Sdar Eetipi/' of Jiiiy /nrt.— Mr. Ranyard thus 
ants the results of photographic vrork during this eclipae: — "The 
ognpha taken by Dr. Brackett during the recent eclipse wiUi a six-inch 
eope of rather more than seven feet focal length, SBemed, as far as I could 
e, to be equally denie with the photographs of similar exposure of Lord 
iaa/a and Colonel Tennant's series, taken in India, 1371. I apeak with 
) cantioD, b« I have not had an opportunity of comparing the negatives 
B by aide -, but the density of the Indian negatiTea is very well impressed 
my mind, as I spent more than a year in making out and catalog-uicg the 
Is which are visible upon them. It must be home in mind, that during 
liid w" eclipae, the sun, aa seen from the two photographic stations, was at 
nrer altitude than as seen at Denver, Dr. Brsckett's station ; but while the 
sJar aperture of Dr. Brackett'a instrument was less thun one in fourteen. 
id Lindsay 's and Colonel Tennant's cameras were of four inches' aperture, 
I About thirty inches focus, or one in seven and a half— that is, in the two 
samems, which were of similar construction, the pencil of light fall- 
-on an elemental the plate, was nearly four timesas iutenseas the pencil 
^ng on a similar element in Dr. Brackett'a telescope camera. We have no 
t, of course, for comparing the diacdiiisui of the Indian and Colorado 
[ Hmo«phere». But we may, I think, feel justified in asserting tliat as far as 
(he evideDC« derived from the photoffraphg of 1870, 1871, and 1876 goes, 
the corona does not wax and wane witli sun-spots. In fact, the corona with 
by for the greatest equatorial e.\tension is found at a period when there ace 
liaidly any spots upon the cuo's disc, and it should also be remembered that 
the difierence between the corouos of IS'O and 1871 does not at all corre- 
?|H>tid with the development of suu-apots at the two periods." 

T'dariaationof the Orona.— Mr. Schuster notes that the polari3aUon|of the 

p ina seettis at first to inci'ease with distance from the sun, and then 

> decrouae rapdly. Doubtless, the explanation suggested by Mr. Ran- 

viird is the correct one. Near the suu the matter of the corona is in- 
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candeecent, and the ligbt from it is in Ui'ga part iui|K>kii9e<l ; od tlia m 
hand, the lj)rht irom tlie outer part of the coroDB is imied up withllghlb 
our own stniriaphere, drownui|i; the polnrisatioo of the outer comna. 

Meteoric Theory of the Carina. — Mr. Penrose inTere from the obwrvi 
aspect of the coroual etrenmers that thej are due to metenric s}*stEm 
am for from argiiiog','' ho Bays, " that this tlicor; auswera for the whole < 
the corona, and I much doubt wl^ethec it will explain the almost t<qiulfti 
radial lines Tvliich proceeded from the neighbourhood of theEUii'anaTtli|td 
and which appeared to me the most beautifiil part of the whole. Then V 
also Bomething analogous near the sun's south pale, but not so dearl; n 
The pointed ends of the ' wind vani> ' (a uame suggested b; the shape of Vi 
oppouteseta of streamers) sootu to suggest the ezpUnation of an elliptic otl 
of considerable major aiia and great eccentricity. The wedge^k* pan 
proceeding from the north pole of the sun would agree with a sinular figoi 
whilst some of the others can be eiplained by orlats of metenrs of lesa a 
tent. It is obyiouBly not requiaittj that the son's centre should bu tha too 
of the apparent orbit, as it would be modified from the tphI iiguie \ei pt 

Forrign Obgei-vatinni of Meteor S/ioweri.^~From obsi'mttions recorded 1 
Heis, Wriss, SchiapRTelli, Zezioli, and Konkoly, Mr. Denning has dnwa ip 
useM list of 70 meteor showers iii the Notices of the Astronomical 8 
for NoTembor. We obearve that he still (mIs to rect^niso the TkHdi^ 
the objections raised by Caplaiu Tupman and others, against his ideft 1 ' 
meteon belonging to the same system can appear to radiate fnixa thfl • 
point in the sidereal heavens for ae^Gnil suoceasiTe weeks. He snemg to mi|r 
that plnnetarr perturbations acting on attenuated meteor streuna nt 
diffuse them, so that a considerable time would be reqmred for the mi 
passage through them, while the ra'liant points remtuoed sensibly imatte 
He saya it "has yet to be ascertained " whether this is possible. Bolll 
thing can be more certain than that this is utterly impiauble. ~ 
pears also tusiipposeihat the results of observation are questioned fay OspU 
Tupman nnd the other objectors. " Observers will state the legilinista 1 
suit of their labours," ho says," apart from theoretical (>(nisdtM«tioiM,k(n 
incompatible they may at first appear.'' It was to his interpretation ofbkl 
suits that esception was taken, not to the results themselves, 
have obtained clear evidence shnmng that at different times betwoea 1 
middle of October (to talie one cns-i) and the middle of December, i 
radiate from the samo point of the stellar heavens, their statemmt i 
accepted. But when they proceed to assert that, therefore, the n 
seen belong to one system, the mathematician perceives that tlie it 
entirely erroneous. It is abaolately certain, if the results of oba 
admitted, that tlie meteors belonjjf to different systen 
simply thus: — We know that the members of a m< 
travelling around the ami in orbits passng near the earth's ; and Ulftt ll 
"radiant "at any given date is a point depending on the combination of llii 
moiion with the motion of our earth, the direction as well a9 the veloci^ 
each motion being involved. If, then, it were poasible for a mi^eor ajBt 
to be so widespread that the earth rei^uired eight or ninn wnnks to p 
tlirough it. and even if the directions of the meteors nt all ports of her an 
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paawge were roughly pandlel, yet, as the direction of the earlb would change 
throug-h about sixty degrees, the position of the radiant would ciianpH marliedly 
duiing thoae eijzht or nine weekg. But oliservation, it Beams, indicates the 
maao " radiant." Hence it is certain that tbs meteors beloi 
tjvbema. We could, in &ct, only accept 3tr. Demiing'a inference if we re- 
jected his observational results. 

Obaercaliimg ofJujiUer ami lii» SiitellUes. — ^Mr. Todd presents a very toIu- 
able and interesdny tenet of observations of Jupiter and hia satellites, with 
the Adeljude equatorial, in the Monthly Notices for November. " The 
tishility of the satellites throu^ih the edpio of the planet has been carefully 
looked for," be says, " and on two occasions 1 felt quite certain I saw the 
attellite at occultation within the diac^namely, on Juno 19 at occiilta- 
tion-disappearonce of Satellite II., and on July 2 at disappearance of Satel- 
lite L Mr. Ringwood also saw the eaaur phenomenon at the disappearance 
of Sutellito II, on Aug^t 21). I thought I could see Satellite III. through 
the limb at renppearunce on June !), and Satellite II. at disappearance 
on July 31, hut could not be certain. In every other ca£e the occul~ 
tation was perfect at the limb. On June 10, Satellite II. was visible 
llifoi^h the white belt south of equator, aad on July 3 Satellite I. was seen 
f'lr the space of one minute through the southern dark belt. It would be 
ioteresling' to know whether this has leen seen by other obaerrers. The de- 
finition on each occasion was very [rood, or I should think I might be 
deceived," The observation on July 2 is a very angular one. Mr. Todd's 
Doles say that " the satellite was distinctly seen throu^'li the edge of the 
planet /it lie tpive of its fall tliamtler." 

Temper* ShoH Feiiod Comet, — This comet, as observed at tlie Oxford 
UmTereity Observatory from July 27 to August 1, resembled a faint roimd 
mrhola of about 1' in diameter. The condensation was very slight. 

Enckf'it Comft. — This comet was ohsen'ed by Mr. Tohbutt, at Windsor, 
Xi'w South W'oles, from August 3 to Aug-nat IS. On August 3 it presented 
ibe appearance of a small round nebula, grailualiy coDdeiissd towards the 
centre, and was within a few minutes of ore of the position assigned to it in 
Ihe ^pheraeris. 

Ititrn-.Verrtirial Flanett. — From a. comparison of his own and Professor 
Wataon'B observations of stars near the sun during the last total eclipse, 
ProfwBor Swift arrives at the conclusion that four intra-Mercurial planets 
were seen on that occnaioD — two by himself and two by Watson. lie con- 
siders that bntli the stars be hinwelf eaw were planets, since, if one of them 
bad been, as ho before suppoapd, the star Theta Cancri, Watson could not 
have fsdled to see the other. For a similar reason neither of them can have 
been the object which Watson saw near Theta Cancri. The other object, 
which Watson at first mistook for Zeta Cancri, is now regarded by him 
\9tj confidently as a planet. Accordingly, it would follow that four intra- 
Itnenrial planets were seen by these two observers, and that all were so 
tituted as to present appreciably round discs. Other observers, wlio with 
•qui or better means sought specially for such planets, would seem to have 
Imoi BJngularly imfortunate. 

The Annvlar EcUpte nf Jamian/ 32, 187!). — Mr. Hind states that this 
Mlipae, the first of the annular eclipses of lS7i}, and a return i.f that of 
JanuKy 10, 1861, which was central in Australia, commences in Urugnaj 
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whence the belt of aDDulnr pbase traverses the South Atlandc, poeeing o< 
Tristttn d'Acunha, the few ichatitanta of which islsadB mav jirobablj 
BtarCled b; Meiii^ the sim traasfarmed into n narrow luttuoous ring, whUe 
is high in their heaveDs. The central liae crosses the African contiaenb 
the direction of Peniba Island, north of Zanzibar, where the annolaritj n 
continue nearly three minutes; tfaemiddleof the eclipse occurring at 4h. Q 
F.U., local mean time. 

Come/s of Short Periotl. — Prof. Schuler states that Brorsen's comet n 
arrive at perlbelioa on March .W, lrt7I>. It is prubahle that the comet ^ 
be first obsurved in the southern hemisphere. About ui weeks lal 
Tempel's comet 1807(11.), which wna reob^rred in 1873 (after imdtrgn 
great perturbntion from the planet Jupiter), will be due l!t perihelion. """^^ 
elements deduced from the observations of 1373 alone," sajrs Mr. Hi 
" would assign, niibout taking account of perturbation, April 30, for 
perihelion passage ; but according to an orbit just published bj M. Ill 
Qautier, oF (leneva, which be saya may be cousiderod the most probt 
one till the ohaervations V> be expected next year afford additional 
determining the mean motion, the comet would not bo in perihelion till 2 
8; in which case its apparent track in the heAveoe will differ little from I 
which it pivaued in m7.1, when it arrived at its least distance {rom tJie 
on May 0. It is pretty sure to be always a faint object except for the laq 
telescopes i and considering the uncertainty which still appears to eziat 
garding the mean motion at its last appearance, a close search nuy 
neccBMryfor its rediscovery. M- Gautierie calculating the effect of Jupib 
attraction during the actual revolution, with the intention of publishing 
epbemeris in due time : tlus effect, however, must be small, as the eta 
has not been nearer to the planet than I'G (earth's distance from the i 
being I) "during the interval." 

Sun-»po/» and Ounmercial l\mic>. — Among the many absurdities whi 
the advocates of national solar observatories luive invented, none is nt 
absurd in itself, or more flatly contradicted by evidence, than the ■ 
gular theory that commercial panicsusually occur near the epochs of sun-s; 
minima. We know the dates of eun-epot ma^Elma and minima since 1700, 
every case within a year or so. We have also the list of commercial pa 
ingeniously prepared by Prof. StAuley .levons to accord with the doctrine 
the aun-spot period has an aveiage value of IU'46 years ; and instead of tb« 
asserted agreement between sun~spot minima and pauics, we find more than 
half of Jevous's panics occurring nearer to sun-sput maxima tbao minima. 
Two of the most remarkable panics occurred almost exactly at the time of 
miudmum solar maculation. The advocates of expensive new observatories 
seem lo imagine that no one ■wiH be at the pains to analyse the evidence 
they offer. But, though the theory of special sun-epot influences is no doubt 
too absurd to be seriously dealt with, the argumeuts offered, with 
seriousness, in its favour, are not likvly to etcape criticifTn altogethi 
one would seriously try to prove that the panic of 1860 did not 
want of sun-spots that year; but when the panic of 161& is assorted 
sunapot minimum, science may, wit bout absurdity, just thrnw in ib 
that 1815 was a year of maximum not of minimum smi-epottedness. 

PUmetery Plimomena, ^r. — Umnua will be in opposition lo the son OS 
February 21 at 4 a.m. Mercury will be at greite^t rlongnlion weit 
January 10, east on March 'JM. 
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SnutCive Organa in the ficfiEfn of Aadepiadt. — Dr, J. Oibbona Hunt com- 
municated to the Academy of Natural Sciences of Fbikdelpliia, on tbe 
STth of AiigTlst lost, some oLservatioas on tlie Sower of Aiciepias cuterias, 
which he had been informed by Mr. Isaac Buck was probably a fly-catcher. 
The odour of this dower, which is exceedinfly diao^jreuablu to human olfoc- 
loiy organa, appears to be rery attmcLive to flies, many of wliich were 
watched by Dr. Hunt " eagecly applying' thor tongues all otot the petals 
and essential organs, apparently eating with almost intoxicated relish the 
attractive excretion coTBriny those parts," They continued to indulge freeiy 
in this banquet until they happened to touch one of five block spots placed 
oltemalely with ihs alamens, when the B.y was immediately seized and held 
fast by his proboscis. In the struggle that ensued the fly, if small and weak, 
noold be held fast in the trap ; if large and strong he would make his escape, 
but burdened with the trap and with a p^r of pollen-masaes attached to the 
latter. The adhesion of the fly's proboscis to the block spots ia not due to 
any sticky fluid ; but it is caught by an organic structure, the action precisely 
re«emblin^ that of an ordinary tat-trap. The Eensitive black discs may be 
set in action by contact with a bristle. 

Analogous arrangements occur in other genera of the Atdcpiadfir, and on 
the aame occasion Mr. Edward Potts gave an account of his obaervationB on 
two apecies of jjielepiae {A. incamala and curnmacica) in which similar 
phenomena take place. The senative organs we placed immediately below 
the onther-Bacs in shallow depressions upon tbe perpendicular ridges of the 
■figms. Two pollen-m asses are attached to each clasping organ by long 
bent Sloments, and these are withdrawn from the anthers when the organ has 
clotped the leg of an insect, a bristle, or a small camel-hiur pencil. As eri- 
donce in support of this arrangement being destined to cause cross-fertiliza- 
tion, Mr. Potts mentioned his hoTing found upon flowers of Asclcjriar cui-aa- 
'HnKi foreign sensitiTe organs with their attached poUen-maases, which must 
haxe been brought there by aome external agency. lu each cose one mass of 
tho introduced pair was inserted under the edge of thi; anther oftheflower,ao 
M to come close against the sloping lower surface of the stigma ; the flowen^ 
thus intruded upon perabted longer than others of the same group, and on 
dinection it was found that each of the inserted pollen-masses had sent out 
a profusion of pollen-tubes towards the junction of the stigma and the 

A Cbtaioffoe of BritUh PlanU. — We understand that the Rer. George 
BiBiuIow, F.L.S., is about to print a cstalogue of British plants arranged 
Meotding to " Hooker's Students' Flora." Anyone wishing for copies is re- 
()iie«t«d to communicate with him, at No. Titchfield Terrace, Regent's 
Park, N.W. 

rA*p " Pro-cmbiya" of (Siara. — lu the "Journal of Botany " for July last 
Mr. A. W. Bennett, writing on the systematic position of tbe Characeat, 
proposes to unite that order with the Muttcinta ; Inter Prof. Caruel assigned 
it a position between the vascular cryptngams and the phanerogams; and 
in a etill later paper Mr. Sydney Vines looks upon it as an independent 

imp, inteimediate between tbe Varpomoi-tte and tbe MunAntm. Both MCu 
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Viues wxA Mr. Bennett agree tltat it ia incorrect to place the C^«nuea 
among tbe Carpoaporett, aioce tliey haye Btronget atfimties with tlie It 
with which the latter proposes to unite them. Id thi« view, however, Mr- 
Vines does not concur. He holds '' that a well-marked alternation 
tions occim in the life-biatory of tbe Chto'a, and that the ffturo-pUnt with 
ita reproductive orgrana is the oophore, the sporophot* beii;g' nipreMnted \iy 
the embrvo — 1.«., the product of the development of tbe central eell of tbi 
archegonium. In order to indicate the fact that no spores 8r« ever produced^ 
BO far as 19 at prasant known, by the sporophore of Otara, we niay spMJc «l 
this plant as being ' npo^porous,' using a word wliich ia symmetrical wiUi tl 
term ' apognmoiis,' applied by De Bary to tbose ferns in whose liI«-biatOIJ 
no process of sciunl reproduction occurs.'' 

On I he Kind of laght required by Growing FUaUi. — In the COmptmR 
of November liwt M. Paul Bert giyes the teaulta of his e.tpcrioienta ti 
acdon of coloured light on vcgelable life. He found that, while plantacoran4 
with green glass ahadea stopped growing and quickly died, those covend \ 
panes of Ted glass continued to Eive and grow, though with diminialuij 
vigour. On eubmitling the coloured panes of glass to spectrosoojM a 
with an illumiDatioD equal to difikaed sunlight, he found that the red glu 
intercepted the yellow and all tht) more refrangible part of the s| 
only the orange and red rays passing through, while the green gUu p 
milted all but the least refrangible three-fourths of the red rays t« 
it. Hence it appears that tbe Ught essential to the continuance of pltn 
life must be included ui that portion of the red which is absorbed bjr th 
green pane. Id order to further define its limits M. Bert compared th 
absorbent effect of the green glass with that of a dilute eolutlou of cblon 
phyll, which was fiiuiid to atop only a nmall part of Ibe r^I rays, naiii 
those situated between B and C. M. Bert then construciod a case v 
double wttlLi of colourless glass^ lUe space between tbe walls being filled V 
the chlorophyll solution, nnd it was found that plants kept in this a 
though freuiy exposed to light, not only censed to grow, but died as rapd^ 
&a those put under green glass shades. Thus the exact nature of tho ligll 
rays indispensable for the support of vegetable life was determined, suit 1 
would appear (though proof is still wnnling) that the regions of t; 
spectrum cnpebla of being ulilisei! by plants are precisely defined \^ t 
various absorption-hands of chlorophyll. 
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Thr CryttMiaalian of SUicic Acid m the Dtij Way.— la 1. 
found on a specimen of trachyte a variety of silicic acid which difibred t 
in form nnd density from quartz; it was shown, in fact, that silicic add,Hl 
sulphur, araenious add and antimonious acid can crystallise it 
forms. Hautefeuille now finds that this compound can be crystallised or 
ficiuUy in the dry way in these two different forms. Rose, who was the fil 
to prepare the add in the crystallised condition, obtained it, when a aalt I 
phosphoric add was employed in the form of tridymite, If amorphoi 
silicic acid and tungstate of soda be retmned for a ' 
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ptdnt of eilver, and the tungstnte be extracted from Ihe fused product liy 
WBter, tlie insoluble partian liaa tbe app«Araoce of n crj'StaUised sand, and 
hM within ft few miUigramniea the weight of the (dliea employed ; that it ia 
ceoTerted into tridymite Ls proved by the form and optical charactere of the 
crystals. By protracted heatingr, larger crj-stals are formed. They ha-ve a 
epeciGc gravity of 2-30, that of the natural crj-stals which Vom Rath 
«XMiuned, and TChich contained about ii per cent, of metallic oxides, bein^ 
3-S2, 2-31, and ^^a). If a hi-athifiher than 1,000° be appUed the crystalline 
plates dissolve in the tungstate, and n ailicata is fotmed which floats in the 
melted salt; while at temperatures less high, at 000° or lower, tridymite 
etjttaia separate. It is evident that the alkali of the tungstate attacks the 
nlica and form^ with it an alkaline silicate, tungstic acid being set free ; as 
the temperature falls it again combines with tbe alkali, and the silicieacid Is 
libented in the crystalline form. The reaction appears te take place at 
lower temperatures than in the case where a phosphate is used. If the fused 
txiaas already referred to be retained at a lower temperature — nearer, in fact, 
to ita melting-point — at about 700°, transparent elongated bodies are formed ; 
if the beating be continued for several hoars, double pyramids of quarts «re 
noticed which become strongly coloured when viewed between Xicol'sprisms. 
The crystallitation in this case was found to proceed slowly, the action being 
more rapid when the temperature rose and fell frequently Iwtween 800° and 
950°. Each tiine the mass cooled tridymite was formed; naaoon, however, 
as the temperature fell below 850° quartz crystals made their appearance. 
In one instance, where the heating was prolonged for two months, about equal 
quantities of aiUcic acid had crystallised as quartz and as tridymite. The 
specific gravity of the mixed cryBtals was 2-40, a uumijer intermediate be- 
tween those representing lie density of tridymite (2'30) and of quart* (2-66). 
In one instance, the grenler part of the tridymite was mechanically sepa- 
nted, and here the number rose to 3'01. Analysis showed the crystals to 
contain 0-003 of soda and a mere trace pf tungslic acid.— Com;i(f« Rendue, 
1878, vol. lixxvi. pp. 1133 and 1104. 

litSippiian and DMpiiun. — Detafoiitaine announces the discovery of two 
metals to which he hae given the above names. The former occurs in 
<uiiat«idl« ; its oxide ia yellow, like terbia, and has a molecular weight in- 
tetniediate between those of yttria and terbia. He has satisfied himself that 
it is not a miiture of those two bodies, and gives the new metal the name 
Philippium in honour of M. Philip]ie Planlamour, of Geneva. The formiale 
of phUippia is le^ soluble than the coiTespondiug salt of yttria, and its 
oxalate ie more readily soluble in nitric acid than the corresponding salt of 
terbia. A concentrated solution of a salt of philippium shows a line absorp- 
tion band in the indigo (\ =450 nearly), two io the green, n faint one in the 
bliie,and one in the red. {Comyttn Readus, 1878, vol. Ixsxvii. p. 659.) A 
fortnight after the publication of this note, Delafontaine announced (Ibid. 
p. <i3!2), the discovery of a second metal in the samarskite of N. Carolina, 
and this be has named D^cipium. It fortns an oxide, the equivalent of which 
is close upon 123 for the formula DpO {or Dp,0, = 306). The acetate is leas 
soluble than that of didymium, and more so tiisn that of terbium ; the 
dfcipitt-potasaium sulphate ia only slightly soluble ia a concentrated solu- 
tion of potassium sulphate, but easily soluble in water. The absorptiim 
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Bp^ctmm of llie mtratu eibibits Uiree bands at leart in tlie indigo and UiK. 
The moat refrangible band is a liltle B:ualler than that of pliilippium, oi the 
m of did^miutD. It occupies a space between FmaQhofer's liiwt G and It, 
being rather nearer to G, at a point -n-here didjmiuni and terbium sliow ou 
lines; then there are two baods in the violet which appenr to be II and H'. 
Haferences to the wave-lengths c)f these and other bands will be found in ih' 
author'fl paper. The North Carolina ssmarBldte has now been shown to con- 
tain the following earths : — 

Yttria YO = 74-6 

I-j-bia ErO = 130 

Terbia TbO - 114-115 

PhiUppia .... PpO = 00 (ahont) 

DfcipJH .... DpO = 122 (about) 

Tiiorina .... ThO, - S67-6 

as well as the oiidea of didjniiuni and cerium. Delafontaine traces the _ 
following interesting relation between the equivalents of aonie metala ofthi 
group : — 

Yttrium .... 68 

Philippiuni . . . . 74 =68 + 2x8 

Terbium . . . 08 = B8+5«8 



Erbiu: 



loa (p) - 

114 



yfotandrum. — According to J. L. Smith, a new metallic element, to wM( 
be bos given the above name, occura in eome of the native calunibattt. 
rofere to it in a paper published July Inst iu the "OomptusKendus" (187 
IxixTi., 148) on the analysis of tlicae minerals. He din^ts attentdon to d>e 
action of concentrated hydrofluoric acid on the samarskile and euxeniW of We^l 
Carolina, which is aa rapid and energetic as that of hydrochloric acid on calr- 
spar. By the application of the heat of tbe water-bath the powdered minunl 
cao be completely broken tip in a few minules. lie finds that the earths of lit , 
yttrin group present in these minerals coDsiat of one-third erUa and t\ 
thirds yttria. The group contains no cerium, hut nearly 10 per cent 
thoriaa, a am all quHntity of didyniium oxide, and 3 per cent, of an e 
which he believes to ]« new to edencc. Tie mokes the atomic weight of tl 
new earth to be 100 (when = 16), those of oiide of cerium and Untti 
num being 110, and of oxide of didymium 113, according to MarignftC. 
new oxide is stated to differ from tbe earths of the yttrium group a 
its reaction with potassium sulphate; from cerium oxide by its being aoluU 
in very dilute tulric acid, or in an altaline solution through which cl 
has been conveyed; from didymium oside by its colour as well as it 
features, especially the absence of the characteristic abaorpUon bandi 
&ora lanthanum oxide by its colour, the crystatline form of the atlts, i 
It appears that the discovery was communicated to the .-Vcademy of t^i 
more than a year ago, and publicly announced at PhiladelptuA in Ukj ]| 
year. Marignoc, who can speak with authority on the ([uostion, iloea HI 
find in any of the reaciions quoted by the discoverer sufficient vhc 
distinguishing tbe earth in questjon ^oni terlna. He finds that iha ai 
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1 be redissolved in an oxcesa of potftattum sulphate. It is 
f aolable thui jttria and erbm are ; and this U, in fact, s cliaracteristic of 
«r1na, a» poiatsd out long since b; DelsfontAine. 

A yew Organic Bme <n Animal Organitira. — During- the last twenty-five 
yeare many obeoirers have described some peculiar crystals which are to be 
met with in cerlnin ai^vas of the animal body aa well as in such fluids as 
bbod. aalifa, pus, kc, both io health and disease. Charcot, in 1S63, was 
the first lo dmw attention lo them, and by many wrilerH they are spoken of 
ae " Charcot's ctystals." Some liave supposed them to be tyrosine, others 
pboephSite of lime, and others again a compound allied to albumen. 
Sebr^er has now shown (■' Annalen der Ohemie," 1878, c. xciv., 08) that 
they are the phosphate of a new bsae. The pure substance baa marked 
ftlkaline properties, and forms little groups of crystals resembling wavellite. 
It dissolves in absolute alcohol, and is only alightl; soluble in ether; when 
Wt«d with a solution of potash or soda it evolves aramomn, and givea a 
Socculent white precipitate with zinc chloride. The hydrochlorate forms a 
double salt with platinum chloride, which separates in larije prismatic 
crystals; the double salt of pold ia also a crjstallLsed body. An analyas of 
the hydrochlorate of the base gave numbers which point to C^TTgN,nCl as 
the formula ot this salt. A second paper by the author will shortly appear. 
Iron Pho^idc, — Percy observed that iron will not lake up more than S'4 
per cent, of phosphorus when those aubstancea are heated together. J. E. 
Stekd, in a paper recently read before the Cleveland Institution of Engineers 
(" The Chemical News," 187S, xixviii., 14), states that he has succeeded in 
obtaining comtaoations of phosphorus, varying between G and 27 per cout. 
The pcdnt of fusion of the compoimd is lowered with each addition of the 
metAllcnd until B substance containing from ]0 to 13 per cent, of phosphorus 
is produced, after which each addition makes the compound less and less 
fiudble. Iron phosphide containing 11 per cent, of phosphorus ia quite 
fluid at a bright red heat ; the compound with 25 per cent, is infuuble at 
Uut temperature. If a partially-fused pig of Cleveland iron be broken across, 
tbe fractured surface " presents throughout glistening, apparently fluid, 
portions, thoroughly interspersed with particles of metal which have not 
become fluid.'' Stead poured one cwt. of Cleveland iron into a mould and, 
when on cooling it had become viscous, he applied great pressure to it by 
meAna of a hydraulic ram. Below are given the composiiioQ of the iron 
itself (I) and that of the last portions of fluid metal expressed from 
it(n):- 

19 latter may be regarded as a mixture of iron phosphide, and unaltered 
and a calculation of the amount of the last-named constituent, based on 



Iron . 


. 93-125 


. 90122 


Carbon 


3-000 


1-750 


Manganeee . 


0-35C 


0-268 


Silicium . . 


1'6.TO 


0-790 


Sulphur . 


0-120 


0-060 


Pbospborus 


1-530 


6-840 


Titanium . 


. 0-240 


0-160 




100-000 


100-000 
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the quantity of silicium present, shows the mixture to conrist of 48*5 per 
cent, of pig iron and 51*5 per cent, of a phosphide composed of 

Iron 8805 

Phosphorus 11'95 

10(HX) 

A second similar experiment, made ax months later, gave numbers ^viiiich 
point to the fusible phosphide having the composition 

Iron 88-26 

Phosphorus 11*74 

100*00 

It appears, therefore, to possess a definite composition cozrespondiDg to 
the formula Fe^P. 

Nodules from the Deep Sea, — Giimbel publishes an interesting and very 
complete analyns of some of these nodules. Between Japan and the Sand- 
V7ich Islands the sea-bed is covered with red mud, fragments of pumice, and 
the so-called " Manganese ^nodules." Those which he examined ^4>d been 
dredged up by the ^* Ohallenger " from a depth of 2,740 fiftthoms. They are 
rounded or flattened, have a dull brown colour, and enclose particles of 
pumice, teeth of fish, &c. The nodules scale off in layers, anid a caiefol 
inspection of cross sections convinced the author that the structure is doe to 
mechanical action, and not to the agency of any organism. The pumice is 
trachytic. He is of opinion that the material constituting the nodules has 
been derived from submarine sources. A very complete analysis of a frag- 
ment of one of these interesting bodies was made, and it was found to hare 
the following composition : 

Iron sesquioxide .... 27*460 

Manganese peroxide .... 23*600 

Alumina 10*210 

liime 0*920 

Magnesia 0*181 

Soda 2*358 

Potash 0-396 

Baryta 0069 

Silicic acid 16030 

Titanic acid 0*660 

Sulphuric acid 0*484 

Carbonic acid 0*047 

Phosphoric acid .... 0*023 

Chlorine 0*941 

Copper oxide 0*023 

Nickel (cobalt) oxide . . . 0*012 

Water 17*819 

The low proportion of carbonic acid present in these^nodulee is very 
remarkable {SUzung^-Ber. haeyer, Akad, Wiss. 1878, 2.) 
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GEOLOGY AND PALEONTOLOGY. 




CVoi* in thf Coal-measures. — Hitherto the Brochjuran, or Bhort-tailcd 
Crustacea, bnve been regnrded as of coraparBtivel; recent ori^n. Most oi 
the known foBidl forms have been obtained from Tertiary beds; and of the 
few Secondary species the most aucient appeera to be one from the Foreat 
Uarble of Malmeabiuy, Wiltshire, deaeribed by Dr, H. Woodward under the 
name of Piit<eiiiachva longipei, A. specimen just described by the t 
distinguiahed palceontologist CArries the group of ahort-Iailed Decapnds or 
cnbe much further back in time ; it ia the tail or abdomen o( an animal of 
this group from the coal-ehale ueitr Mods, in Belgium. This ubdomeo, which 
is pTeserved upon a slab of shale bearing impreBsious of the ferca JVpuri^tcru 
heterophifUa and Alelhoptm-it lonchilidis, is about half an inch long, aud 
nearly perfect. It conaiata of seven segments more or less completely 
Biii^hylosed together as in the Leucoaiida ; its general form ia oval, tnm- 
eated at the base where it waa attached to the cephalothorax. The central 
part or axis of the abdomen conBislB of a large trapeziform basal aegmeat, 
hsving a large tubercle on each lude of the middle line, and three amall 
impressed points near the middle of the hinder maigin, followed by five 
nnaller, transversely obloDg segments, gradually diminishing ttiwards the 

:, and each marked with three points correspoodingp to those in the first 
The seventh or last segment is again of large si;se, and widens in 
£ui-tihe form towards the extremity of the t^. The lateral portions of the 
tul, ccmpleting its general oval form, are ornamented with tubercles, a 
<lis^ct row of which accompaniss eoch line of division between the 
ilifferent segments, and runs out to the edge of the abdomen, where each 
ilirimoital line terminates in a slight projection, giving the margin of every 
Mgment a gently concave form. For this crab Dr. Woodward proposes 
the name of Brachypyge carbattu. It furnishes the first clear etidence of the 
eiittence of true craba during the coal-monaure era, although Dr. Woodward 
states that he has received from Mr, Jf'Murtrie fragmeuts apparently of 
SiBchyura found in the Badstock coal-field, near Bristol, and at the Pendle- 
ton ooUlery, near Manchester. — Geological Mayaam, October, 1878. 

A New Order of litail Shizopodi, — Prof. P. Martin Duncan deacribes 
(Ann. Mag. Nat. Hist. October, 187S), some spheroidal bodies obtained in 
the Eurakonmi mountains, which he regards as indicating a new order of 
JtMzopods. The fossils are calcareous, and present no traces of having been 
■ttached during Ufa ; their aurfnce presents rounded or wart-like aloi'ations, 
and sometimes depreaaiona resembling large pores ; and they measure from 
c^e (o three inches in diameter. 

The surfiuie consists of a close reticulation of minute tubes, of the openings 
of such tubes, and of interspaces between the tubes. Internally the fossils 
conaiat of tubes from j'^ to ~^ inch in diameter in lioiited radial groups, 
which are separated by a reticulation of inosculating tubes, such oa are seen 
(in the surface. The radial groups of tubes form cones with the apex 
towards the centre, and the base usually forming one of the eminences on the 
Burljice of the fossil. The interradial tubes are derived from the radial ones, 
and the tralla of all the tubes are composed of opaque, granular, irregular, 
Biiu-«picu]Bte-loo!nng, and very minute particles of carbonate of lime. 
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There ore no diBphragms. intertubular structure, or ccenencUjina; 
Bjiaces between the tiibea are filled, ta the fasals, with calcite, which 
ocfupies the tubes. The course of the radiftt tubes is sometiQies Btn%bt 
but usuallj' the; bead suddenly auit i^pentedly, and then pursue a stiaigl 
oouree. Thej diride repeal«dly. 

Of these curious and eiceediugty problematical fossils, which he Bays *i 
not crinoids, corals, eponges, or ForamimferB, Prof. Duncan proposes to 
n new order, Syiingosphmridtc, and iu it be distinguishes two genera :- 
Stfrtaifo^Aara with eminences aud pores on the surface, and Stoliakan 
withnut pores, 

Silurian Land~plmUa. — In September, 1S77, Couut Saporta described 
fern from the slaty schists of Angers under the name of Eoptav Morieri 
He now (Cumptet Rcnclut, 18 November, 1878) describes further evidence i 
the existence of ferns at the time of deposition of these rocks, referred i 
near the hose of the Middle Silurian. Ilie new material is the impreaaio 
of the frond of a fern neiirly 8 inches long, and about 3 inches i 
width. It shows a slender rhachia bearinif 7 pwrs of leaflets, which k 
oppoate or nearly oppoaito, of a rounded ovnl form, traversed by &ii 
divergent, flabellately dichotomoua veins. Iliose leaflets are eesNle i^toti tl 
rhacbis, or nearly so. Beyond the seventh pair the apex of the bond 
formed by a terminal leaflet, which appears to be round or reniform, fold* 
upon itself, and perhaps composed of two portions partially aoldert 
together. M. de Saporla names the species Eoplrrit Giei,aileT 
M. L. Oris, 

Dwarf O'ltcodilei of Fui'brck age. — Prof. Owen, in a paper rend at tt 
opening meeting of the Geological Society this session, described son 
diminutive crocodilian remains found in rocks of Purbeck age, which mm 
have been contemporaneous mlh the well-kaowu mammals of small ni 
characteristic ol these strata. In some skhs of " feather-bed " nui 
accompanying the Beeklesiaa collection of Purbeck fossils in the Biitic 
Museum, have been found in conaiderable abundance the remains of tbM 
dwarf crocodiles, to one of which Prof. Owod has given the name of 
tucAus pamUat. This crocodile appears (o have been only about dgh! 
inches in length. It had its scal'es connected by the " peg and groors 
arrangemeDt, as in OoniopJiolis, with which genus it also agrees in mu 
gf its cranial charecteristics, while in dentition it approaches more nestly ' 
the Triassic Theriodonts than any other crocodiles. 

Lithuloffjf and the Ciaiti/kation of Gyitattine Rocke. — Prof Dana haa jn 
completed a memoir " on some points in Litbology," and the concluaions : 
which he arrives seem to be of such importance that we here reprint thei 
He says the principal points brought out in his paper are the following: — 

I. The necesuties of the sdence of Oeolc^ constitute the most 
motive for distioguisbing kindi of rocks ; and they should determine to 
large est«nt upon what characters distinctions should be based. 

S. In determining the rocks to be grouped as one in kind under a con: 
ouie, near identity in the chemical and mineral composition of iha 
constituents b the main point to be considered ; not neat identity in 
crystalline forms, for isomorphism presupposes diversity of compositioQ. 

3. IHstinction of kind should be based on difference in chemical 
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I comtjtation as regards the chief conAtituenta. When sucli dif- 
i exists, rocka are different in kind, and need, for the purpoBes of 
jj, distinct nuneB. If it does not exist, tlie distinction is only tliat 
of vari^y, iinleas (as in the cnse of traclijte and felsytd), tbe very wide 
eilenaion of tbe rock under persialent characters makes a distinction of name 
important to geology. 

4. It follows ihim the preceding that diflerences in texture : as coarse, or 
fine, or aphonilic ; porpbjntic, or uon-porphTritic ; stony throughout, or 
bating unicditidualised portions among' tbe stony grains ; and diSeiences 
in microscopic inclusionB , are no basis for a distinction of kirtd among rocks, 
but on]y of yariety, and that porpliynttt tirvrfure is of hardly more con»e- 
qnence than coarse or 6ue granular 

5. No marked change in the constituents of the earth's erupted material 
occurred after the clotie of the Cretaceous period, or just before tbe com- 
menoeinent of tbe Tertiary em; and, becce, no ground exists for the di»- 
tioetion of '' older " and "younger " amoug eruptive rooks. The "younger"' 
«niptire rocks are essentially like the " older " in chemical composition, and 
iheir chief mineral constituents ; and they differ, when at all, only in texture 
sod e>)me other points of as little importance — qualities that dietinguieb 
merely varieties, and which have proceeded from greater prevalence in these 
liU«r timea of sul>«erial eruptions. 

6. Since " plagioclaae" is not tbe name of a mineral species — seTeral 
minerals of nidely diSerent coinpoaitiooa being embraced under it — it b a 
rinfounding of differences and resemblances to speak of it as a constituent 
of a tocb., And since it now includes, through the defining of the feldspar 
nrierocline, a large part of potash feldaprir, which had been supposed to be 
ortboclase, it has become almost synonymous witb tbe l«rm feldspar. The 
"ramplidty'' its adoption has been auppoaed to give to litbological system 
fFould be greater if " feldspar " were substituted, and with its present range 
of constitution, the evil would be hardly leas. 

7. Bocks differing mineral n^c ally, and not chemically, like related horn- 
Hendic and augitic roeka (the minerals hornblende and augite being dimor- 
phous) are rightly made distinct rocks, since the diOerenco has depended, to 
klat^ extent, on wide-reaching geological operatioDs or conditions, and ie, 
tlierefore, of great gieologicol eiguificance. 

8. Since quartz is the most widely distributed and therefore the least 
distinctive of the minerals of rocks, it may rightly be regarded as of subor- 
dinate importance in the distinguishing of rocks, and hence not only such 
Duues as dioiytf and quarti-dion/Ct, trachyte, and quarls-tracAyle, £c., ate 
wceptable, but also fyent/te and qitartz-iyenyte. 

9. Kotite being closely like muscovite in composition, and not less 
ffimmoD than it in granites, gneisses and mica scliists, and being, moreover, 
Unlike the mineral hornblende in chemical constitution and formula, tbe 
fecks in which biotite is a chief constituent cannot rightly be put in the same 
ponp with hornblende rocks ; or those in which hornblende ie a cbiaf con- 
•titoi^t in a group of mica-beariog rocka. Goosequently the name " mica- 
dioryte," for a rock containing no hornblende, and tbe name " bomblende- 
granite " for a rock containing no mica but hornblende instead, imply alike 
Use relations. 

HBW 8KBIBS, TOL. lU. — KO. IX. H 
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Tlie diflciusion saggesta tbe following &ddilional remark : 

Tlie iiicapabilities of tbe microscope and polariscope liars fsToured the i 
of the term " pkgiocliuie,'' ftnd bare lad some investigators to uveiloolf 
alight distinetions iu cbemicol coiuititutioQ. Lithology b to 
after its greatest ndTunceB tbrou^li cbemical anftlymfl ; for eheimatry olol 
can clear away the doubts the microscope lesrea, and bo give that complet 
neea to the Sdence of RocIcb which geolog; requires for right and compi 
henrave conclusions. 

MoreoTBT tbe researches made in the laboratory, to be of real geological 
value should be, if posuble, supplanocted by investigations in tlie lieid as tv 
tmnsidoDS among the rocks, and oa to other kinds of relations. This field 
work has often been well done, but not bo by all lithological invealigatoiB. 

The principles presented lead to the following sub-divisioDa iu an urong^ 
inent of crystalline rocks, escluuve of the Oalcareoue and Quartzose bioda 
Since leucite is a potaah-alumiua ^licat«, like orthocla!M and microclina (it 
affording twenty per cent, or more of potash), it is here referred t 
group with tbe potash feldepajs, and nephelite, sodalite and the 
being eminently soda-beanng species, they are included with the soda-limv 
feldspBia (anorthite to albite.) This reference for lithological purposes of 
these minerals is sustained by their resemblance to the feldspars ~ 
tuenta, and also in the quantivnient ratios between the alkalies, alumina and 
silica, this ratio being in leucite 1 3 S, as in andeaite, and in sodalite ondi 
iiuphelite 1 3 4, as in anorthite. Tbe term po'.aili-ftMapar, as used in tli* 
headings below, b hence to be understood a£ covering orthockse, microclin* 
and leucite ; and $oda-Ume feldajmr, as including the triclinic feldspars from 
anorthite to albite, and also nephelite, sodalite and eau^urites. 

Tbe arrangement is as foUows : — In the tii-.'st series, the rocks graduata 
into kinds which are nU feldspar, and into others that are all mica, and yet 
the amount of potash present is approxinaatelj the same. 

I. TVie Mica and Polath Feldtpar Seriei : including Granite, GranulytSf 
Gneiss, Protogine, Mica schist, &c, Felsyte, Trachyte, &c., and the Leueitff 
rock of Wyoming. 

II. The Mica mul Soda-Lime Fel^nir Series : including Kerfantite, Kinw 
gite, and the Nepheliiic kinds, Mioscyte, DJtroyt, Phonolyte, &e. (Thean 
nephelitic kinds belong almost as well in the preceding 

in. The Somblende and Tataah-Ffldnpar Series: including Syenyte (with 
Quartz-«yenyto), Syenyte-gneiss, Ilomhlende echist, Ampbiboljte, Unakytq 
(Uufl last containing epidote in place of horubleiide), and the NephelitJB 
species Zircon-Syenyto, Foyaj-te. 

rV. The Snrnblrmde and Soda- Lime FMtpar Sei-iai: including Diorjta 
(with Propylyte), Andesyte, Lahrsdiorjle (or Labrador-dioryte), etc., and 
tbe saussurite rock, Eiiphotide, 

V. The Pt/roxene and Pataih Feidtpar Surie* : including Ampliigenyte, 

VI. The Fyroxtne and Soda-Lime Feldspar Series: including Aiigile, 
Andesyta, Noryta (Itypersthenyta and Gabbro in part), nyperetbwiyta 
(conlaimng true Uyperathene), Doleryte (coinpriung Basalt and IKabMo), 
Nephelinyte, etc 

VII. Jyrarnu, Garnet, Epidote and Chyevlite Socln, eonlatmng liftk oc 
no Fddtpctr: including Pyroxenyte, LherKoIyto, Gametyte (pamet rock), 
Eclogj-te, Epidosvle, Chrj-solyte or Dnnytu (Clip^solit* rock), .1c. 
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Vm. By4rou* Mngyittinn and Aluminovt Suckr, containittg little or nn 
^J^VWapor; including Chlorito Bchist, Takose gchirt, Serpentine, Opbiolyte, 
lyrophyllite sdust, kii.—SilUinan'» JoumiU, December, 1878, 

Ammcan Surveyt. — In compliance with an order of the Americim Seiiata 
A Oonunittee of Uie N&tional Academy of Sciences has recently Hubmitted 
to the President of the Senate its report upon the Bcientific survevB of 
the lerritories of the United Slates, and on the best methods of conducting 
bU aurvBys of a scientific character under the War or Interior Department, 
•nd the Biurejs of the Land Office. The surveys particularly referred to 
in Ibis report, are the Geographical surveys west of the one hundredth 
meridian under the War Department, the United Slates Qeographical and 
G«clogie&l Suncjs of the Territories, and of the Rocky Mountain repon, 
nnder the Interior Department, the .lystem of Land surveys under the 
•aperrision of the Land Office, and the coast and Geodetic eurieyB, one of 
the most important works now in progress in the interior. The objects of 
these surreys are: L An accurate geodetic sLtrvey ; 3. A genNal and 
geographical reconnaissance ; 3. Land parcelling surveys; and 4. The economic 
clasaiication and valuation of the pohlic domain. To thera should be 
added the gradual completion of a general accurate topographical map of tlie 
United States, and all may be included under two distinct and separate 
heads, namely, Surveys of Mensuration, and Surveys of Geology and eco- 
Bomic resources of the soil. 

Thereportfirstconaderstheoperationaoftheexiatingsurveya of mensuration, 
-which are now in progress under five ditTerent and independent organisations, 
and between which there is no co-ordination, the results of their work showing 
many controdietioEs, and moreover involving unnecessary eipenditure. These 
B»e surveys are the coast and geodetic siirvey; the geographical surveys 
irert of the one-hundredth meridian ; the two topographical surveys under 
the Interior Department ; and the t^nd Survey ; but, as it is evident that 
both land parcelling and topographical surveys, to be sufficiently exact, 
mnst be placed upon a single ri^d geodetic foundation, the report cODdders 
that these should be united into one comprehensive system, and recom- 
mends the coast and geodetic survey as best prepared to execute the entire 
mensuration required. It would therefore transfer that survey from the 
Treasury Department to the Department of the Interior, retaining its 
original field of operations, and giving it also the entire mensuration of the 
puUie domain under the name of the United States Coast and Interior 
Survey. This o^anisation would then embrace, in addition to its former 
irork, a geodetic survey of the whole public domain, a topographical survey 
Comprisng detailed topographical work and rapid reconnaissance, and laud- 
parcelfing surveys. 

Jia, however, this survey would not be called upon to notice the geolo- 
gjcal Hlrocture, natural resources and products of the territories surveyed 
the report recommends that an independent organi^tion should be 
established under the Department of the Interior, to be known as tbe 
United States Geological Survey, and to be charged only with the study 
of tbe geological structure and economic resources of the public do- 

WiUi the infmguratioD of these two surveys the report recommends Ote 
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discontinuance of the present Vi'as DBpartment aurreya west of tLe o 
hundredtli meridinu ; of tKe geo^rapiiical end g^olo^cal gurvejB now ill 
progress und^r the Departmeot of the Interior; and of tht' land surreja 
under the Laud Office. 

These chants will briog within the DopaitmeDt of the luterior three 
distinct orgnnisalionB — the Coast uiid Interior Survey ; the Dniled States 
Geological Surrej ; and the Land Office|; nod with tiija diviaioD the report 
conwders that a perfect co-operation between the three brMiches should be 
secured, the work of each department beinj; immediately available t 
others. Each nf the three organiaatdona will make an annual report of it* 
operations to the Secretary of the Interior, but besides this annual report the 
Gout and Interior Surrey will publish ite geodetic resulls, geograpbieal, 
topographical, and cadmtral nisps, coast charlfi, &c., while tlie publicat; 
of the Geolo^cal Surrey will include geological and economic maps, aiu) 
reports upon genernl and economic geology, with the necesaarilf connected 
palfBontolo^, and it is recommended that if the collections luade bj U 
departments are no longer required for the iuvestigations in progreaa thej 
should be transferred to the Natiouftl Museum. 

The report aim recommends that of the publications of the Ooast uid' 
Interior and the Oeologicnl surreys, besides tlie copies which may be ordered 
by Congress for its own distribulion, three lliousand copies be printed for 
■deatific exchanges, and for sale nt the price of publication — advice 
which it would be gratifying tn see followed in some of our own scientific 
departments. 
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ManganotiU. — This curious mineral, first descnbed by Blomstraud, nf 
Lund, has recently been subjected to a closer einrainalion by Ktien. 
occurs in dark coloured irregular g'rains enclosed in granular colcite ; and, 
according to Blomstraud, they have a deep emerald-green hue, while by trans- 
mitted light they appear to have a ruby-red colour, The new species ii 
interest from ita consisting of manganese protoxide ; the occurrence in nature 
of so unstable a compound is remarbable. A freshly-fractured surface aSUx 
exposure to the air for a few weeks becomes ciivered with a brown layer of 
oiide. Klien states that the mineral is cubic, and exhibits a fine dork green 
cotoui both by rellected and by transmitted light ; and he has arrived at the 
conclusion that the red colour observed by Blomstraud wfia fin eifect of 
oxidation. The granules of mauganosite, sometimes 1 cm. in diameter, are 
imperfectly formed octahedra. The forms produced by etching the cry^tala 
are four-aded pyramida with quadratic base. — Jahrhuck fiir Mineralogit, 
1878, 760. 

/o(ioiromi(«.— The " Schone Ausaicht " mine at Dembach, near Montabaur, 
in the province of Nassau, which during the last few years has yielded fine 
specimens of beudantite and crystallised scorodite, has again attracted the 
attention of mineralogists from the fact that Von Laeaubc has recently found 
there a mineral which is not only curious as being the first compound of 
«lver met with in that locality, but us new to science, and of peculiar intej 
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it forms the first instance of the occuirence of thiB metal in oature 
in combiiiBtioD with the hyaloid elements: ciiloiino, liromine, and iodine. 
The eompontjoii of iodobruiiiit«, as he has termed it, is : 
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In the third columii of the above table are giTen the percentage numbers 
eorresponding- with the formiilft 2Ag (01 Br ) + Ag I, which appears to be 
that of the new mioeral. lodohromite occurs in small regular oL-tahodm of 
jellow colour, some of tliem inclining more to the greenish hue of olivine, 
The crjetals have a close reserablaiice to those of the brorojrite of San 
Ono&e, near Zacatccas, Chafiarcilla, and Hiielgot; thev are malleable and 
lectile. None of the apecimeus of embolile (silver chloro-bromide) hitherto 
^d contain iodine. The iodides of sodium, iiinc, &c., crystallise in 
fomu belonging to the cubic ay.'tcni, and the fact of [heir bdng iaomorphous 
vith the corresponding cljlorides and bromides of these metala points to 
Qie probability of the existence ia rinture of a ailrer iodide crystallised 
b the regular system. The silver iodide, as yet uiet with, has 
been found in hexagonal crystals closely according in their forms with 
e^Btals of greenockiie. 0. Lehmann has recently prepared {'/.nischrift fiir 
KryttaB. 1877. I. 402) the iodide artiBcially in crystals which are 
r^;ular. Von Lasaulx'a discovery ia of inti^rest in its bearing on the isodi- 
morpbiam of this group of salts.- — Jahrbuch fiir Minerologie, 1878, 64!). 

Occurrence of Liquid Carbonie Acid in Si/enile. — In his " Geological Report 

■ofNew Hampshire " Howes describes the occurrence of liquid carbonic acid in 

microscopic cavities existing in seclious of the New Hampshire rocks. 

Although the number of sectionB examined was not large, the cavities were 

IWTer met with in any of the granitic rocks except in a syenite from Oolum- 

Iria, and here they were found in the greatest abundance, and under circum- 

■tancea which render their occon-ence remarkable. The syenite referred to 

white, spotted with black ; mocroscoptcally ortfaodase and hornblende 

lilone were recognisable. In thin seciiiins, however, plsgioclase, biotite, 

fuartx, and apatite were seen, and, -moreover, calcite, a mineral rarely 

curring in granitic rocks. The quartz is present in small amount only, 

cupying angular interstices between the other ingredients ; but'each grain 

filled vrith cavities which are quite large, and many of these contain liquid 

rbimic acid. Its presence in connuctdan with cateite may indicate that 

Hum carbonate whs a constituent of the sedimentary material of which 

rock was formed, and that at the temperature at which crjetallisation 

ik place a reaction between the silicic acid and the carbonalo resulted in 

liberation of carbonic ncid.—Amrr. Joui-n. S-. 1878, xvi. 320, 



PHYSICS. 
t if lti» Ttrnprratura of lncande*fntt Bodia iy ti» ^ 
•rafv.~~M, 0>'<in (vMUibutiui n paper to the Complei Rendm oa this eubject. 
It f.illnw* ttnta tin n^auvbos of Draper and Becquerel tJiat when the 
tmpMiMBt* of Ml i&Miid««cent solid increosea conlinuouBlv, the spectrum 
Iw yhw* tO«Mils tlM tiolel onil. The leieperatnre cif the luminoua aooKe 
CABi lfaM«fei»,kt KMMnnd (1) by the w&ve-teDgth of the radiation which 

■thkipMtradi lowkrda the violet; (3) bf the position of the thermal 
iMl tX III* fpcetmm which approaches nearer to the riolet in propor- 
B Vn MilNiiMi-tonipornture becomes hl^-her : (3) hy means of the 
Kttn hMUnon* iotenBilj of a detenninate radiation X taken in the 
■kfltUt»«onioa to tho totenaitj of the fame radiation in the spectnuu 
inm of Iniowu tumpurnture. compni^d with the ratio of the liuniDOUB 
int«ii>itiM «t MKither ntdialion X' in the same two spectra. The last deter- 
nlnattiMM cmi In- <<«Nly cIToptod by means of a spectro-photometer. 

U. (V>m W nuuln numerou.i duteriainatiooi of the thermol curves of the 
•eUi ffMCtriM by meaiw of a linear thermo-electric pile and a vei^ sensitive 
n(TMiafB»t«r. TlwH ciirvea were rendered comparable with one another by 
Mmiiif tbi<ni lo till) ttciUe of nare-Ieogtha, and reducin^t, by means of the 
11 curve of tlin prism, the intensities to those which wonld corre- 
•jMUd til Um GMe of the normal spectrum of constant diaperaion. With theee 
ha OOmpftKM the •pectriim of tho electric light, the lime li^ht, and the 
ordiiuu? moderator lamp, always reprvBcnton^ by 1000 the intensity 
•rniMponding to tbi> wave-lont^h C7G. lie states that, the intensity being 
"n iho red for the four spectin, the weakening towards the riolet 
tMiMwith earh source according to n certain function of the temperature in 
"« following order of iiicreage : — ModoraUir, steariue candle, gns, lime light, 
•iMtric li^ht, and solar light. 

n» RrpfHuiftiliil Dttiirmauitiim of Magnttic Sfomeiitiia AbtohUe Mtamire 
is t)u subjcvl of tlju essay to whicli tbe Cleland gold medal was awarded. 
Bi|rinmng wirh n notiee of Gauss's eiperinienls on the intousity of the 
^nh^ mafrneiism, it slates that no experiments have been published to 
' • magnetic momenta of steel mopnets of different temper and 
IH^trtd by differont miithods, giving information as to the permanence of 
^dtig DUgtiDtJiin aft4:'r a cousidernblu time. 

A nO*Cting magnetometer was used, consisting of a small mirror 1 centtm. 
{tdUineler, carrviiig cemented to it$ back four small needleti about -S eentim. 
iisju'ndod by n angle silk fibre. Two arms of wood rotate round 
^i^tholrupivr sides level «-ith the centre of the mirror, and grooved with a 
y lUpud deprtwsion in which the magnet to be tested could be lud. It 
Id Ihua bo made to form any angle with the magnetic meridian, and tha 
MItus could Iw usi'd either on the method of sines or of tangents. Tha 
p of ■ fine wire was brought to a fot-ue on a scale of half milliiuetres placed 
^a£*tuc<^ of a metre Irom the plane of the mirror. A Urge ntimber of 
^^lltal atevl bam were cut from one piece, and carefully filed to a uniform 
"^ uf fi cpiiiim. About sixty were raised to bright red heat, and 
_i !-..,„.,.„> ..f isT- ']'|j„y „g^ then made up into parcels of _ 
_ ^ parcels were remove^^^J 
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■uccessivel; increasing^ temperatures from 100° up to 310°. The heated oil 
was u»ed also to temper a number of i)arceb by pliiniipDg them at a hright 
nd heat into the oil at various temperatures. 
All tlie bars were then majnietised lij the current from ten Traj Daniells 
through a coU the soma lenj^h as lie bars, containing four layers of 
forty tuniB each, or ICO turns in all. The magnetising force waa calculated 
«3T7. 

iTilue of the horiiontal component of the earth's msgnetic force at 
tbe place was computed by oheening the period of oscillation of five 
separate mafrnets in reveiBed positions. The mean result, without correction 
for induction, waa -15380. 

The ma^ets ori^nally named were then magnetised a second time by a 
double battery and a coil of teu layers and seventy turns, giving a magnetis- 
ing force of 1100. Tosliow the relative offectaof different magnetising forces 
bars tempered " glnsfl-hard " and " blue," two bars were brought, one to 
Mch of these tempers, and then magaetiaed, first with very small magoetising 
force, increased by measured amounts. The results are given in two compared 
curves, of wlijch abeciaste are proportional to magnetising force, and ordinatea 
to magnetic moments. The blue magnet is seen to rise more rapidly and to a 
higher point of saturation, though from 300 to 1,000 of abscissa! the two run 
together and all but parallel, the blue slightly above the " glass-hard." 
Magnets made of steel, suddenly cooled in cold water, were scarcolj bo 
those which had afterwards been heated in oil up to 310^ 0., 
allowed to cool slowly. By a second and stronger magnetisation, this 
much diminished, probably from the softer steel being more 
['fudly raised to saturation. Bars cooled in cold oil had small magnetic 
moment; but tbis factor increased as the oil ^ae raised to 1J3U° C'. It then 
wnonnted to 60 to 80 per gramme weight. 

Homogeneous iron, or " mild steel," waa also experimented on. In a 
" gloas-hard " condition its magoetic moment waa only ^0'22, and at a blue 
tamper little more than half this. 

As regarde permanence of the magnetism, it was little changed by nine 

Siooths' undisturbed quiescence. The hard magnets lost about 3 per cent, of 

moment when allowed to fall three times, with true nortli pole, down 

a height of 70 centim. on a hard paving-stooe. Blue magnets lost 

!t cent. After nine months tbe bard lost OS, aud tbo blue 2'8, by the 

treatment. The essay concludes with a aeries of tables embodying 

above facts in a numerical form. 

Bmawtd Audition. — The principal conclusions which Professor S, P. 

Thompson comes to on this subject are: — 

(1.) There is interference in the perception of sound; for two simple 
tones capable of ioterforlng are still heard to interfere when conducted 
itely to the two ears. 
(3,) "When two simple tones in unison reach the ears in opposite phases, 

sound is localised at tbe back of the bend. 
(3.) The localisation of this acoustic " image" is independent of tbe pitch 
of the sounds. 

(4.) When tbe difference of phase is partial, the aensation is localised, 
Ij in the ears, and partly at tbe bock of the head. 
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(6.) When two simple tones are led singly to the ears 
ie heard. There ia some evidence that siimmatiucal 
(6.) In liinaiiral audition di&ionances are eKcesairelj 

Tht S/ability of aiopafra'i AiwJI?.— A curious controveny 
the columna of the " Timea," and other papers, on this subject. The ids of' 
any real instability no doubt arose &om the unusual form of the monuniant, 
and the common error io estimatiiig its diinenMions. It seems the section ii 
nowhere le^s in diameter than fire feet ; and, tliat being tLe case, it has bwn 
computed that it is competent to stand a nind pressure of 80 to 00 Ibt. per 
square foot, It is eeli, however, that on January iiO, 1608, at the liverpool 
Obserratory, the anemometer, nhich re^sten up to 00 lbs., was driven (a 
beyond its Umit, and that the pressure registered could not bare been !«■ 
than from 70 to 80 lbs. on the square foot. It ia stated by the outhoridw 
that the msiimum wind pressure in this country does not exceed 55 Ibe, OB 
the square foot. Mr, IXxon illustrated the subject by comparing the allege! 
pressure to tbe weipht on the floor of a crowded room, which can attMn frun 
80 Ibe. tol301ba.; the latter with labourers of large stature packed as clottlj 
as possible. Thus, he remarked, as the windows certainly have to bear an 
equal struDwith the walls, would anyone dream of Btaadingonafioorfonued 
of glazed window sashes P This reducfiv ad abturdutn was, at first agbx, 
conclusire ^;ninst the accuracy of the anemometer. But Professor Unwin 
points out that, taking a plate of glass 2 feet in diameter, |-inch thick,. 
loaded with 8U lbs. per square foot, we get tbe greatest stress as = 4270 
per square inch. Now the tenacity of ghvsa has been found to be from 4,300 
to 0,000 lbs. per square inch. Hence it is really possible that a pane of 
2 feet in diauieter might austnin the supposed load, if uniformly di^tributedi 
without breakio)^. 

Mr. IKion further declares that ISO lbs. of wind pressure would DOl 
upset it. This estimate, however, seems to need niodiiication. " WhUs,' 
says a contemporary, " if a presaiun of 80 llw. is reached, it is very ques- 
tionable if the survivors among the inhabitants of the neighbourhood will 
find it III ti/tt when they have time to go to look for il " 

On thf lUuminatit/n of lAnrt of Afu/eoilar presmre, and the Trojeetory tf 
Molectdeg.^-'Mr. William Grookes rend an important paper before the Royal 
Society on December 6 upon the above subject. 

He has examined the dork space which appears round the negative pole 
of an ordinary vacuum ti[be, when the spark from an induction-coil ii 
through it, The following are some of the propositioDi^ he arrives al 

1. Setting up intense molecular libmtion in a disc of met«l by electrical 
means excites molecular disturbance which affects the disc and tbe 
rounding gas. With a dense gns tbe disturbance extendi only a short dis- 
tance from the metal ; but as rarefaction continues, the layer of molecular 
disturbance increases in thickness. In nir at a pressure of '078 millimetre 
this disturbance extends for at least S millimetres from the surface of the 
disc, formmg on oblate spheroid around it. 

2. The diameter of this dark space varies with the exhnuslion ; with the 
bind of gas in which it is produced ; with the temperature of the negali' 
pole ; and, in a slight degree, with the intenmty of the spark. For equal 
d^^rees of exhaustion it is greatest in bydrogen, and least in carbonic Bcid> 
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3. The shape Emd riie of thiB dark spaco do not yary with the dislanw 
■ ■epftrating' the poles, nor, except slightly, with increase of battery power ; 
nor vith intensity of spark. 

lie baa deTisKt runny eiperiweuta to ascertain if thia Tiaible layer of 
molecnlor diaturbance is identical with the invisible layer of molecular 
pressure, with tie investigation of whith he ha^ for some yeara been 
occupied. 

Tie Electrical Radiometer is made with aluniinium-Tanes coaled with a 
tilni of mica. The fly is supporled by a hard sttel cup, and the needle 
point is connected with a platinum terminal sealed int« the glass. At the 
top of the ball another terminal ie scaled in. The fly therefore can be made 
thei negative pole of an induction coH AVTieu thus cooaected, a halo of 
velvety violet light forms on the metallic sides of the vanes, a dark space 
'^paratint' the liolet haln from the metal. At the pressure of half a millim. 
the dark apace eitenda to the glass, and positive rotation commences, 

On continuing exhaustion the dark apMe further widens out, and appears 
to flatten itself against the glass, rotation becoming very rapid, 

With an aluminium cup the conveyance of these lines of force to a focus 
on the concave wde was observed, At very high eihaiwtiona the dark space 
61b the tube, and at length the tube becomes beaulifuHy illuminated by 
gieeniab yellow phosphoreBcent light. In an apparatus constructed for 
ohaerring the position of the focus it was found that this is at the centre of 
cniTftture, the molecules being projected in a direction normal W the surfaw! 
of the pole. 

The apectnim of the green light is continuous, while that seen at lower 
exhaustions is characteristic of the residual gas. It is the same whether the 
reaiduani be nitrogen, hydrogen, or carbonic acid. It commenceB at different 
exhaustions in different gases. 

The rays esclling this phosphorescence radiate in straight lines from the 
negative pole, easting strongly defined shadows of object* in their path. The 
ordinaiy luminousness of vacuum tubes will follow any number of curves 
and angles. From an examination of these shadows and other experiments 
he advances the theory that the induction-spark actually illuminates the 
Uaea of molecular pressure caused by electrical excitement of the negative 
pok. 

The thickness of a dark space is a measure of the mean lecgth of the path 
between successive collisions of the molecules. The extra velocity with 
which the molecules rebound from the excited negative pule keeps buck the 
more slowly moving molecules which are advancing towards that pole. The 
conflict occurs at the boundary of the dark space where the luminous margin 
Wara witness to the energy of the colliHona. 

Whi-n the exhaustion is sufficiently high, the rebounding molecules spend 
llirir force on the ddea of the vessel, and the production of light is the con- 
fequence of this sudden arrest of velocity. The light actually proceeds from 
the glass. The shadows are not optical but molecular, revealed by the 
}[iiE!Boua effect. Experiments are given to show that an actual material 
lil'iw is given by the molecules. The stream is very sensitive to magnetic 
inauence, the action of the magnet being to twist their trajectory round, in 
t direction at an angle to their free path, the twist being that of the current 



poMia^ round the magnet. Great lient is evol\-ed wlien tliB conceotraM 
focus of niLTS from b. nevl; hemispherical aluminium cup id deBected •" 
wayn to the wtJle of the glaas tube b; a. mogTiet. It ma; even be raised I 
tlie molting^poiiit of platiaum. 

Mr. Crooltes speiculates on the " oltra-gaseoua " state of matter, in wlud 
under great rarefaction, the (reu pe-th or a. molociile a mtide ao long tbat tl 
hita in a ^ven time niaij be disregarded in comparison to the misses, the pr 
perties of " gasMtj " are iwduced to a. minimum, and the matter eiedted to 
statA in wiiich yety decided, but hitherto masked, properties come into pli( 
This reveals a sew world, wbereiu mnlter e.xista in a fourth state, where ll 
oorpuBcular theory of light holds good, and where light does not alfrq 
move in a strMght lino ; but which wo must be content to observe uid « 
periment on from the outside. 

Some Set^fnl Acoiutkal Reeearchct. — The harmonic overtones which a 
company a musical note are a nell-kiioivn phenomenon, and their natunt ll 
iieen made pretty clear. There is another phenomenon presenting Ik certsl 
analogy to this. It has lately been studied by a German physirist, F 
Anerbach, who applies to the notes generated the coiies ponding hbhu 
undertonos. These undertones may be had by stiiMog a tuning-fork v^ 
ously, then placing its sleui veiy lightly on n sounding-board. 
the lower octave of the fundamentiil note of ihp tuning-fork. With SUta 
materials, Herr Auorbnth also obtains the lower fifth of the lower o 
and the lower fourth of tliis tone — that is, the double octave of the i 
tone ; in fact, thew resonance tau«9 form a series of hai-monic u 
The phenomenoik appears to depend essentiaUy on the strt.-ngth of the vtbi 
tions and the imperfect elasticity of the resonance-surface of the pUto. 1~ 
Auerbach has tried a 'suricty of substoncss for undertones with tuning-fi: 
He finds that some, indeed most, substances give these tones; that samei 
only a noise, os soon as the vibrations are moderately stroi^ ; and e 
alvrays give the tone of the fork, no matter how strongly this is aouni 
Another German observer, Herr von gtrouhal, has recently given b 
attention to a kind of tones not much studied hitherto — viz., thow w1 
ariaa when a rod is quickly swung through the nir, or when cuncnta oi 
impinge on stretched wires or sharp edges, &e. For pureness of tone, ti 
swung rod must have aU its parts moved with the same velocity, and' 
must be cylindrical. Ilerr Strouhal made an apparatus consLeting of a 
tical wooden column wiih two horJEont.il arms, betwven which the boiUeB ' 
be forced through the tax (mostty wites) were fixed, and he rotnted tj 
frame in it" upright position at various sp(<eds. Thus he got notes win 
row in intensity and pitch with the speed, llu found that the pitch of tl 
"friction tone'' (as he calls it) is independent of the tension of tbe v ~ 
likewise of its length. But the length of the wire has a marked influence ( 
the intenaty of the tone. The longer the wire, the stronger (ctfferf 
th« tone. Further, the substance of the body is a matter of ii 
but the height of the tune is directly proportional to the velocity of moth 
n-tw-ly so to the diameter of the wire. The nuthnr tinds, monovi 
It there is a way of making the "^ friction lone " pftiduc.' tliu wire's u" 
■vii.. when il is bronghl up to tlie sanui pitch with this (the w 
f preferaUy thin end elastic), and amilarir, by raising the {Hirh gndqal 
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of the wire are generated. The diatioct 
of the general phenomennn above indicated appears from the fact, 
ataag others, that nith ming lemperntuTe the friction tone becomea lower. 
Tb» tme nature of these tones is at present somewhat obaciire, Herr Strou- 
lil offers, with reserve, an interpretation of the facts, for which, however, 
-Tc most refer to his original paper in the " Atmalen der Physik und Ohemie." 
The y<ilure of Ike JEletnentt. — Mr. J. Nurman Lockrer read an elaborate 
.Tier on this subject before the Hoya! Societt ou Dec. 12. He didcassed 
tiiB evidence obtained from spectroscopic observation of tlie sun and stare, 
leading to the coDclusion that the so-called elements of the cbemiat are in 
mlitf compound bodies. The method by which Blr. Lnckyer proceeds was 
attained in the last number, while reviewing his recent work " Stodies in 
^cctrum Analysis." By turning the slit of the spectroscope through 90°, 
«Bd throwing an image of the luminous body on it bj means of a lens, he 
b nnbled to study the various regions of the heated vapour, and to establish 
the &ct that all the lines in the spectrum of the substance volatilised do not 
ettcod to equal distances from tbe poles. It is fotmd that the lines fur- 
nihed 1^ a particular eubstwice vary not only in length and number, but 
•bo tn brightness and thickness according to tbe relativ(.> smoiint present. 
Ahaitt four years ago Mr. Lockyer commenoed a map of the spectrum of the 
nm on this principle, with a view of ascertaining more definitoly than has 
hitherto been pnesible which elements are present in it. A collateral result 
«f this important work b to show that the hypothesiB that identical lines in 
£fKrt«tit spectra are due to impurities is not sufficient ; for be fmds short-line 
aoiandences between the spectra of many metals in which the freedom from 
Butiutl impurity has been demonstrated by the absence of the longest lines. 
There »re, moreover, many facts which point to another hypothesis, namely 
that the elements tbemselvee, or nt all Bventa some of them, are com~ 
foimd bodies. Thus it seems that the hotter a star the simpler itt spectrum, 
far tbe brightest, such as Sirius, furnish only very thick hydrogen lines 
ud a few very thin metallic lines, characloristic of elements of low atomic 
«aght ; while the cooler stars, euch ns our sun, are shown by their spectra 
Is CODtUD a much larger nomber of metallic elements thnu stars such 
N Srius, but no non-metallic elements. The coolest stats furnish ftuted 
kad fpectni characteristic of compounds of metallic with non-metaUic ele- 
nMta. The facts are easily explained if it be supposed that as the tempera- 
t>» inereuea the compounds are first broken up into tbeir constituent 
" and that these " elements " then undergo dissociation or decom- 
ion into constituents of lower atomic weight. If A contains I) as an 
a constituent, in both coses A wili have a spectrum of its 
B, however, if present as an impurity, will merely add its line* 
' IK to theamount present, whereas ifacoDstituent of A it will add ita 
Enw according to the extent (o which A is decomposed nod li set at Uberty. 
So ai the t«mperature increases the spectrum of A will fade if A bo a com- 
poond body, whereaa it will not fade if A be n true element. Moreover if 
A be a cfmipound body, tbe longest lines at one temperature will not be the 
Inpet at another. 

From this point of view, the spectra of calc'ium, iron, hydrogen, and 
Olfainu are obferred at different temperatures. It is shown that precisely 
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« ■ to ba ^^eetsd m • ^pntteaa at tfac 

'■ Ibimd to tab ptes. Thm «ad Mlt of ( 
tygtemt of ia <iwn, but ■• tkisrii 
H bfi0 ami viulet. In tb« dactiie : 
SndCHDMamKiElUs. tntbe nm tlii>y ue t^j tUdk. 
■n ym»M Ka A^sSa, the latter onlj half the biEfldfh of tktt fatnar, 
« I^T» aari ^am only the H Saa <)f eale' 
the H fine hjM heen seen iojeeieil intn th» 
th«K&i«e ftftf tiBea, hnt the Uiut Boe, 
j»li»w«. b£ ^m III! towyi iiliiim, wbh <b1t a ij ecteJ. thzice. 

bonioiBtteiwoMMt — hfw Aa^geK. 

Aa n^idi hjJimtM , iu nart wftiiigMii lin* A la onlj «■■ wi^ 
kqrh t wymm ac ; H waa abnat &n^ die wbu pnrtnknacea in tiM « 
nf I8r5. Bf aup tofiag a vny faiMa Cfarfc aX tow pnmmr, the F li 
hjibrnpoi in tfaegTMS ia obtaiaed wrthoat the Um and nA G1119 veen W 
■trangerf|aA ia aaed. 

Mr. LockTBT haa obt^ned pridence Iea£i^k> the eondneim that tla 
■taace prinif the noo-ieiEri*^ line in the rhp'BBnnihiii 1 , tenneil i&lMHI 
not fornoa^ id^tiCed Kith anj knoim &m of matter, atal ako I] 
■tanee giving the 1474 or coransl line, ue raDj- otfaw foms cf b 
oae Bon nrnple than Aat which girei tbe k Boa alone ^ the otfaet 
caapkx ihaa that whici gtrea the F Ibie akne. 

n* JTine y Citbim- md JTsMIm.— Praft. A^rtoa and I^n; 1 
ewiona if Moewhat faadfiil p^er 00 thi* nl^ert before the Fl 
Societ}- in Nm. 23. Thej began In iwinBiDg that «potioB i» bxc£ 
ntoTing bodies, and expreawd tbdr befiaf that npoa this baaa a 
nnotianal art woftld be created which wooU raeeife high deralopn 
tb« fatim. All the xenses thej beliered coold be cultivated into ei 
Om of Ihiai . Btnne, from the facility with which itti effmrta oould bs 
dmnd, bad aloite faaen highlj perlect^ bj the balk of mankind. 
and puBttog they held to be iiiit pnretv emoitouftl, ioumueh a 
inrnlre thoupht It would talu Wg timr and ntlture for the eje tab 
mariofT Sjrurea with dmilar emotioaal n^oltA In those piodnced tfanng 
mr on hearing' Tnnac. Indeed the Raktem nations Beemed to h»Ta < 
valed thii Eacolty more highlj than those of the Wei 
Antertaiiunenta cotudiiting of motion and dumWhow which, tbougli il 
prehenaible and even ladicroua to th@ European, pow^rfullj ~ 
foelings of a native aadience. In Jnpan thej bad seen wtu 
" melodioua mntion " expn;«eed bj moTements and gesticulations of the 
In iUunlration, Black hiira's peodulom, lisaajou'^ forks, Whs 
Kaloidophnnp, Yeaten' Tibrating priimg, Dmikin and Tisley's hanuam 
and other like contriTancee were exhibited. In none of these, b<n 
thn production of mere rmcition the end in view. A. auccesafitl tiu 
Id the Dew kinematical art must at least risihl; render chauges a. 
amplitude, and pbaje. 8uch an instrument they bad derised a; 
BtnictiMi in Japan, and it wa« dutcribed by means of diogramB ow! 
Iirraph!>, Ai far at Could )w Lbiis made out, it appeared to be aa 11 
contriviuicr far producing and mndifjiDg compound lianiionio motioi 
intotid conatniclin^ nn improved funn of the apparntuR, and tp > 
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todjng of colonr witli the moTiD^ bod;, to heighten the emotional in- 
Tn tLe diwOMiOD vhicb followed, ttie opinion \caa expressed that 
b the writen had done good eenice in pointing out the educability of 
I, and the parallelism which runs through tbeir Eesthetical 
T hail not eren attempted to prove that the pleasure experienced on 
■ at (graceful and regular figures amounted in any sense to emotion. 
[JUiEl that iodiCBtion it should move to l^ars, incite to heroic deeds, or 
o juty and cbaritj. This music, which had the undoubted power 
rting noble ideas, was well known to do, as bad heen grandly 
■dbed in the "Alexander's Fenat" of the poot Drjden. Jo ginng an 
1 and somewhat metaphorical sense to the word muaie, UiHy were 
^nemtiagio the original meaning of the Greek word, whii:h includiid all 
• of artistic enjoyment. At most, the contemplatiou ofgraceful curves 
us colour could gratify the sense of proportion, and mi^ht in 
L mathemalician produce some sentiment akin to beauty ; all 
i must be due mainly to association. If their argument were carried 

■ litter end it might be suggested that the praying machine of the 
I would ''in time and by cultiTatioD " beget a sense of religion in 

hipper who turned it-s handle, 
'j Rotation of (Ac IHane of Polarisalion of lAght under l/ie Iii/tu- 
fel^ Oe Rn-th.—This has been studied by M. Henri Becquerel, and the 
*t conununicated to the Acndemie des Sciences. Between a Jellett 
a t«Iescopic analyzer mounted on a divided circle is placed a 
^Uf K metre in length, terminated by parallel plates, and containing 
a buulphide. Mirrors at the ends of the tube give successive reflec- 
1 augment the observed rotation. In this experiment the ray 
] the tube five times, thus corresponding to a length of 2'5 metres 
o luulphide. The light was oiy-bydrogen. Much light was lost, 
• mya transmitted were chieBy yellow. 
b vH found that if the system wets made to coincide in direction with 
• of the magnetic meridian, the same position of the plane of polari- 

■ N not obtuned by looking north or south, there being a difieronce of 
it V-S between the two positions. When it was placed perpendicular to 

eUc meridian, the plane of polarisatiou was the same on looking 



ujr be concluded that this rotation of the plane of polarisation is due 

e BCtion .tf the earth. Its direction is the same as that of the earth'a 

I, end the same as that of an electric current which, on the hypo- 

• of Ampere, would give rise to the phenomena of terrestrial mag- 



Tfcs »i^>aratus described showed also great sensitiveness to the action of 
n ordinary bar magnet held in the hand, and brought parallel 
b the tube, GiBt in one direction, and then in the other, is sulficient to cause 
D of the plane of polarisation of more than P. 
" It is interesting," says M. Becquerel, " to compare this direct meaaure- 
il with an oBtimalinn by Mr. Gordon, in the ' Philosophical Transactions 
« 1877,' of the magnetic rotation produced by 1 centim. of carbon bisul- 
Idda onder a magnetic action equal to unity. The result is that 2'5 metres 
1 give with yellow light a single rotation of 3'-8, instead of 3'-25, 
b is tlie reanlt of obserration. 
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On the Effects of Vmiiiahmg the Skin in tht Lower 

unce the time of that Pope of Rome who TBroielied an unfortunate a 
into the sembknce of a golden child, the fatal etTect of coating the al 
animaJa with impermeable varniflli has been well known. While a o 
pctrtion of the skin may be thus coated without produdng serious der 
ment of the organisation, when the jiroportioa readies to about one-i^ 
death can only be avoided by n conBidemble iucreaae of the tempeiatn 
which the animal ia kept. It was supposed that theae phenome 
to the suppreadon of the fuuctiona of the akin, which caused a, retentic 
eicremeDtitious matter in the eystem, giving rise to a form of toxt 
Another explanation, howeTeT, of the fatal reiiulu produced by bodj- 
niahing was ably advocated in 1868 by Laachkewitcb, who attnb 
death to the rapid low of heat experienced by vamiahed animals, and 
view appears until recently to have been very generally receivied. I^tt 
however, the older explanation hna been supported by Lange and Solcf 
which bos led M. Lomikowaky to reinvestigate the subject, particuladj 
the object of ascertaining the cause of the rapid decrease of tempentn 
Tarnished animaU. With the help of the thermomultiplier, Jie h 
ftble to prove that the radiation is much greater from varnished than , 
I imvamished animab, the difference being quite sufficient to account & 
I loss of heat and tlie fall of temperature, while the symptoms obM 
Soring life and the changes observed in the viscera after death araj 
accounted for by the cooling, being in fact identical with those fc 
animals killed by exposure to cold. With universal vamiahing, n. 
extreme cold, d«tth occurs rapidly, while a more moderate cold or a 
varnishing excite inflammatory changes in (he internal organs, mor«, 
ticularly in the kidneys, and cessation of life indirectly 
quence of uremia. 



Jteproduction of Hydra. — M. Korotneff has arrived at very d 
elusions from those of Kleinanherg upon this subject. .According t 
latter the reproductive cells occur below the ectoderm and form A 
which serves for the production of both ova and tiprmatozoids. The p] 
described by him is as follows : one of the cells of this maxs increaaei 
aiderably and swallowa up the surrounding cells, or, in othet words,) 
upon them. The nucleus theit becomes transformed into a germinal V4 
and finally the cell comea to represent the orum of the Hydra which \» 
in its origin a unicellular and ectodermal formation. The granulatlc 
the oriui serve to produce the larger elements described by EMnei 
under the name of psaido-cdl». The blastoderm, according to K 
is formed immediately after the conduuon of segmentation, and ci 
layer of cells forming the whole envelope of the ovum. It is regatta 
him as an embryonic epithelium, taking no part in the ultimate f( 
the Hydra, hut to be rejected at a certain period of develoixnent, HenCB 
adult Sydra i« destitute of epithelium. 




SCIENTIFIC STTUMART. 

WThe anthoT, liie Kleioenberg, Las obserred an ajrglomemtion of cella of 
"o origin, but regBjJs them merely as eJuLryonic cells, serving to 
■e ditTerent ectodermic elemsnts. Ooe of these cells ioc 
* 't" nucleus is canverted into a (terminal veaicle ; while at the same 
[HtipherBl elements of the mass separate, fonnin)^ a tow of cells n 
,-iii[Jl refraclire granules, and the central cella nmte with each other and 
nilh the enlar^d cell, fonuing a conmnon plosmodium sprinkled with 
iiitmerous naclei. The germinal vesicle h degraded and disappears eatirel; ; 
• iba nudei of the central cells increase a little in voliuue and degenerate into 
' intty bodies, and some of them divide. These are probably Kleinenberg's 
i-L'udo-cells. The peripheral elements of the mass Bpricltled with chitioous 
-rinules form the envelope of the ovum. M. Korotneff eoncludea that 
I'lirtnieiibctrg mistook these peiiphKL'nl eleoients foi a blastoderm, and the 
"iua of central cells for the result of a trua segmenlation. — Compter Rendui, 
--ptember 9, 1878. 

Tlie Buxiinif of ItuKcts. — M. Jousset do BelleBmo objects to tUo theory of 

'uf can»e of bntzing in ineecta proposed by M, Perez as noticed in our la^t 

.innher. He remarks that all insects in which the wings make i 

-L.'bty vibrations per second emit a perceptible sound which is suppreesad by 

A'! removal of the wings. The diptera and bymenoptera emit two Bounds — 

Lilt jaet mentioned, which is deep; and another diarpr sound, generally 

!H' octave of the former. This is the essenlial characteristic of buEzing. 

li hen the mngs are cut off a Voliurtila or httmble-bee, the deep sound is 

slxTlished, hot the sharper one persists. The former is therefore produced by 

■Tllic wing, while the latter is independent of it. 

^ H. de Bellesme agrees with il. Perez that this sound la not connected 

fijth the passage of air through the thoracic stigniatA, and he seeks its cause 

**Tn Qm mechanism by which the wing is set in motion. He Bays that ia 

JftBuing inaects the muscles of flight are not inserted directly upon the wing, 

'Tht npon the pieces of the thorax which carry it, nod that it is the move- 

taent of these that causes that of the wing. The thorai, therefore, uodergoee 

OMttiimsl changes of form ttnder the contraction of these motor muscles. In 

jrepoiea sectionof this r^onrepresrats a vertically elongated ellipse, which 

' n of the muscles converts into a horizontally elongal«l ellipse. The 

e tiOTUC, therefore, vibrates succassively in the direction of its two dia- 

d, AS the muscles are Tery powerful, the vibratory movement is 

e, and the thorax constitutes a vibrntiiig body which acta directly 
n Ae surrounding air. The thoracic sound is higher after the wings are 

* wu away. This is because during flight the resiatanco of air acting upon the 

'■. i 'iCT diminiahas the velocity of coutraction of the muscles. By attaching 

-tyle to thi' upper waU of the thorai after the removal of the winga the 

'iLiihor wu enabled to inscribe these vibrations, and oblained traces in 

Fiich the number of vibrations corresponded exactly to the Nound produced. 
Om^ittt Rendmi, October 7, 1878. 
ThePoUoa Olands of the Cmtipeden.—ll has long been known that the 
V Chilopod Mjriopoda, commonly known as Centipedes, which are camivoroua 
in their habits. Mil their prey by a poison injected at the first bite of their 
lormidable nippers. The seat of the glands secreting the poisonous fluid waa, 
however, unlraowu, the organa formerly supposed to secrete the venom being 
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found to pom Uieir secretion into the Mrit)- of the mouth, uid tint 
nippers. Hr. M'Leod, during a re^deace In Java, took the 
exsmimiig some of the large centipedes witli which that i 

1 especially Scolopendra Aornda ; and finding that, ba above i 
glsnda which might easily be taken for poigon glands had nothing tt 
the nippers, which, nevertheless, always eshibited a very dininet a 
the tip, he was led to search for the glands in the interio 
themselTes. 

The proeeas he adopted is one that has of late given admirable f 
the investigation of the anatomy of many animals ; namely, the g 
of sections of tham in various directions after they bad been Im 
melted paraffin, tbe suleeqnent hardening of which keeps all parts ii 
uatnral positions during the operation of cutting. By this means he di 
the poison gland, which is situated partly in the actual biting portion of 
nippei, and partly in the broad basal joint which supports the latter. 
glandular apparatus cousisls of a chitinouB duct leading to the orific« alA 
apex of the organ, and forming the axis of tbe gland. It is perforated ii 
course by a multiCnde of small apertures, each of which leads ir 
cyUndrical tube terminating in a long secreting cell, the whole mas ol 
(«!1s bdng arranged in a radiating tashion around tbe duct The e 
organ is surrounded by a membrane, and has the genera] form of a font- 
prism. Notwithstanding its comparatiTely small aize, Mr, M'Leod I 
detected tbe same arrangement in Liihobitu forficatiu (the commc 
peaa centipede). — Bidl. Acad. Roy. de Brigi^ue, tome xlv. 1878. 

^OHgfivriiigt m JHnrW*.— Most natuialiats are aware of the pc 
Msaed I7 certain sponges forming the genus Oiona of boring into t 
of mollusc* and other hard bodies, but we are hardly prepared u 
thwr making their way into so re&actoiy a substance as statuary n 
Prof. Verrill, however, states {SHiiman't Journal, November, 1878) thi 
Pesbody Museum of Yale Coll^ has lat«ly received some fragmenbti 
wlute Italian marble from a cargo wrecked off Long Island in 1871, ■ '' 
taken up this year, in which "the exposed portions of the slabs are tboi 
{)eDetrated to the depth of one or two inches by the crooked and ii 
faotinga or galleries of the sponge CJiona tidjAttrea, V.," and reduced " 
complete honeycomb readily crumbling in the fingers. Beyond the h 
the marble is perfectly sonitd and unaltered." Prof. Verrill remarks diat I 
the posseanon of such boring powers by this apparently insignificant spong* 1 
may have a practical beaiing in the case of submarine constructions of lim^ J 
atone or unular materials. 
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THE SOURCES AND USES OF IRON PYRITES. 
Bt J, AKTHUR PHILLIPS, F.G.S. 

[PLATsa m. i IT.] 



THE process still generally employed for the msnufacture of 
carbonate of soda from common (ialt was the discovery of 
ihti- French Chemist Leblanc. and was first carried out, on a 
large scale, by him and his partners in France. Previoua to the 
I revolution of 1789 the only kind of soda commercially known 
I was that obtained from various marine plants, the greater 
ptirtioD of the raw material having been imported from the coast 
f Spain and Portugal. 

The wars which were at that time rayag;ing Europe na- 
'iirally had the effect of putting a stop to this branch of 
jiidustry, and although, in case of need, potash may replace 
-i^xJa in the manufacture of glass and soap, the emergency of the 
times rendered it necessary that the whole of the available 
fXitasb should be converted into saltpetre for the preparation of 
gunpowder. 

With a view to meeting this very serious difficulty, the 
Committee of Public Safety called, by special proclamation, 
upon all citizens to place in the hands of commissioners for the 
public benefit, and without regard to private interests, whatever 
plans or methods of preparing soda might be known to any of 



In consequence of this demand numerous schemes were laid 
■ fore the Commissi oners, who eventually reported that the 
!ni?thod proposed by M. Leblanc appeared to be that best 
'iaptcd for the manufacture of soda upon an extensive scale. 
Tills process consists in first converting chloride of sodium into 
sulphate of soda by the addition of sulphuric acid, and the 

Ebsequent decomposition of sulphate of soda, at a high tempe- 
lure, by a mixture of limeHtone and dust coal. 
In order to convert one ton of common salt into sulphate of 
MKW 8EBIE3, TOL. III. — NO. X. I 




^ taBom tint mth 
the 
t fcqniaitD foril>pn>du 
npUly InttnmA la tke ywywrioa of this aad npo 
large ■ale, ■ a^iiniw acid, «ttnBed I7 bomii^ ndphn 
Ifjnte^ M eaaaerted iMd n^hmic acid faj meaiH irfa pa 
ralfyoxiduneaeait. nesotataaeeiKnr smTersaUjerapll 
far tfab purpoae ii mbrie aod, ahbiNigfa the greater portioi 
the oiTBCB otiBsed >• sat doiml ditcetly from the acid, 
indireetly bna the air; the resolt of complex cfaemical dial 
wfaich ti^ place in extamite leaden dmnben eopplied 1 
wateij r^ioar I7 meaiH (tf iteam jets. 

PieriooB to 1638, solphur wai the material almost mir 
EsDy made ose of id the prodoctioD of oU of vitriol, but in 
jear the Kii^ of XapLea having granted a monopoly of Steal 
sulphur to a French firm at Marseilles, it resulted in the 
dual introduction of iron pyrites as a sabstitute for brimsl 
in the manuiacture of sulphoric acid. 

From that date to the present the consumption of ' 
mineral has gone on steadily incieaging; the mines of CoidI 
and those of Wicklow in Ireland having been, during m 
years, the chief sources of supply. A certain amount was 1 
obtained from Norway. 

About the year 1853 small quantities of pyrites c:ontain 
a little copper found their way into this country from mi 
worked by a French company in the South of Spain, bul 
their transit, on mule-back, to the shipping port was long, 
supply was limited, and the results are believed to have b 
financially imsatisfactory. 

A few years subsequent to this (1859), Mr. James Mai 
opened out the now celebrated mines of San Domingaa 
Portugal, and having connected it by railway with the ri 
Ouadiana, near the town of Pomaron, commenced an active cc 
petition with the pyrites from Cornwall, Wicklow, and Norn 
Tlie comparative freedom of this ore from arsenic, and 
small proportion of gangiie which it contains, caused it to 
Henerally preferred to pyrites from other localities, so that 
quantity imported into Great Britain in 1868 from thia a 
alone amounted to no less than 83,000 tons. 

At this period the Tharsis Sulphur and Copper Company, 
bad now taken over the □:unes formerly worked by the Fre 
('om|)&ny, already referred to, had not only commenced expo 
'"If RVil*"" from Spain, Imt had also erected various exteni 
wiirkii in tlii« coimtry for the eitraction of copper, by a hun 
proof-HH, from tlie cinder, or residue, remaining in the kilns 
sulphuric acid mauufncturers after the removal of aulpl 
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aad oxidation of its associated iron. The Buitron C'oinpany, 
whose minea are situated in the same province of Huelva, also 
for u sliort time contributed a considerable amount of pyrites to 
thie market, but the largest undertaking in connection with 
mining for this mineral is unquestionably that of the Rio Tinto 
<jOmpany, commenced in 1873. 

The deposits belonging to this association are sitriated near 
town of that name, 84 kilometres, or 52 miles, north of the 
jort of Huelva, at the mouth of the river Odiel, with which they 
Eire connected by a railway. In this part of Spain the 
deposits of cupreous pyrites consist of a series of more or less 
continuous lenticular maiises of ore, possessing a general direc- 
tion a little north of east, and south of west, extending from 
Amalcollar near Seville, in the east, for a distance of more than 
70 miles westward, to the well-known mines of San Domingos, 
within the Portuguese frontier. 

The substance of these deposits consists of an intimate and 
compact admixture of iron pyrites with a little copper pyrites 
tlirough which strings of the latter mineral are sometimes ob- 
mved to ramify ; small veins of black sulphide of copper less 
frequently traverse the mass. Oalena and blende are also 
pnsent, as well as arsenical pyrites in small quantity ; and in 
the ancient workings great quantities of blue and green vitriols 
are met with, as & product of oxidation of the ore by the action 
of air and water. 

As already stated, these lodes may be regarded aa enormous 
lenticuJar masses of cupreous pyrites, in which small strings of 
«pper ores containing from 5 up to 40 per cent, of that metal 
ve occasionally met with, but more particularly in the vicinity 
of the walls and in the neighbourhood of quartz veins. This 
6ct was evidently known to the Romans, who entirely confined 
their operations to such rich ores, and neglected the general 
mass of the lodes which does not contain much above 2 per 
«nt. of copper. 

The prevailing rocks throughout the entire district are clay 
^es, which, from some imperfect fossils recently discovered 
in them, would appear to be of Silurian age. These slates are 
in places disturbed by dykes of diabase and quartz-porphyry, 
^e latter rock frequently forming one of the walls of the metal- 
liferous lode. 

These deposits have, almost without exception, been vn-ought 
in remote antiquity, the workings having in some exceptional 
rases reached a depth of nearly 50 fathoms beneath the surface. 
The larger proportion of these ancient excavations are mani- 
ffttly of Roman origin, although the occasional discovery of 
(toiie implements would appear to indicate that the ferruginous 
wpping of the veins furnished a red pigment to the early in- 
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hkbitmaU ol the txmMrj ax M tdU 
OtttitfecU of tbii deacnptiMt faaod in the orerbtudea ab 
the outcrop of die cmtk lode at Bia Tinto tm > ckb «rf" 
tite iboot moK iacbet «iaue aad tbrM in ttrirfcnnr. oa 1 
laAceof wUck m.iut*e imn of tegnUrtj amsged depreMia 
eaeb ahaat two iachea ia dutoeta. These had erfdeoUj tie 
made hj the actioa of a Mnall mnUer of cause porphyiy wU 
WW found akn^nde ; doubtlen, Carmiag an airangement i 
wfaieii a red pigaieit was nadS^ ofataoied br mixing wit^ 
little water the nut«rial gnaad from the mbataace of the 

The Roman workings consist of nmiMTOaa circolar d 
wmetime* wbere oeoesnrj lined with Mone, and setdoo i 
than thirty inches in diuneter ; these are in connection 
variona tortooos galleries which iii\-ariably foUow the 
of rich branches of ore. By becoming saturated with < 
holding copper aalt^ in sotution, the woodwork of these 
haa been wonderiiiUy preserved, whUe iU tissue is often m 
lew permeated by metallic copper resulting &om the redncfa 
of it« sulphates by woody fibre. In this way timbers 
UBe of for jiupporting the ground are »)mettmes in such gi 
preseTYation as to retain marks made upon them sixteen a^ 
tories ago, and letters cat by Roman miners are almost as fit 
as those carved by a school-boy of the present day. 

The Roman method of drainage wa? partly by adit«, 
which several of great length are known to exist ; but they 4 
employed various mechanical means for the removal of w4 
below the level of such outlets. A curious discovery of machini 
of tliis class was made some years since in the mine of 9 
DomingoB where a number of wheels constructed entirely 
wood, and each 16 feet in diameter, were found plac 
one above another In large ciatems or troughs. Through t 
kindness of Messrs. Mason and Bany I am enabled to give 
illustration of one of these wheels from a drawing made Uf 
the spot. Plate III. represents a plan and elevation of od6 
these rcmnantti of early engineering, as placed in the mines. 

This wheel is constructed entirely of wood, and closely 1 
sembles an ordinary water-wheel with the buckets reverse 
only that as the internal and external rings are complete throitj 
out, the water, when once taken up, can only escape by t 
openings shown in the sides. In this way water which has e 
tered the buckets, while that portion of the periphery waa paam 
through the well, on being raised to the height of the t 
troughs or launders u^ flows into them through these openii 
in the sidi'B of the wheel, and is conveyed by them into onotl 
troiiph nt u sliRhtly lower level. It is L'onse<]Ueutly evid( 
that by the use of a number of such wheels, one placed higl 
than another, nnrl all turned at the same lime by means 
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tieir Tsdi&ting &rms, water could lie raieed from considerable 
depths. Ten of these wheels have been discovered at San 
Domingos ; eight of them were 16ft. in diameter, and the 
odiex two 1 2ft. 6in. 

The remains of another Roman contrivance for the drainage 
of water were discovered some yeara since in one of the Spanish 
mines near Seville. This arrangement consisted of a number 
of Archimedean screws which, one afteranother, raised the water 
from a series of wooden tajiks lined with sheet lead. The whole 
of this apparatus, with th« exception of the leaden lining of the 
cistems, was composed of wood fastened with oaken pegs, and 
nmetimes strengthened by ropes of esparto grass; the con- 
ttnctors thus evidently showing they were aware that iron 

Bins unfitted for this purpose in the presence of cupreous waters 
ly which it is rapidly acted upon. 

Earthenware lamps of Roman workmanship are constantly 
found in the old workings of tlie mines, while vessels and imple- 
ments of copper or bronze are occasionally met with ; less 
frequently human bones are exposed, which, by the action of 
(xfpper salt« npon their calcic phosphate, have assumed an ap- 
pearance approaching that of turquoise. It may be mentioned 
also that some yeara since a bronze plate was found at the 
eotranca of a crushed Roman gallery at Rio Tinto, which stated 
it bad been begun during the reigu of Cocceius Nerva, A.n. 
86-98. This plate is now in the collection of the School of 
Hlnes at Madrid. 

The Roman metallurgist smelted his ores in the immediate 
Tiranity of the mines from which they were obtained, and the 
diBcovery of the foundations of blast-furnaces, as well as of frag- 
ments of earthen tnyffres, renders it probable that a blast of some 
kind was used. This is confirmed by the form assumed by the 
okes of slag, of which vast heaps are piled up in the neigh- 
bourhood of all the principal pyrites mines of Spain ; these slag- 
heaps are usually situated above the level of the water-courses 
of the district, from which it may be inferred, either that the 
bUst was obtained by manual la1x>ur, or that a furnace allied 
to the modem pavo, still used for smelting lead ores and slags 
in the neighbourhood of Cavthagena, was employed. 

The extent of the mining ami metallurgical operations, an- 

ciently carried out in this portion of Southern Spain, will be 

readily understood when it is stated that the slag-heaps in close 

proiimity to Rio Tinto cannot weigh less than a million and a 

lialftonB, and that there are large, although less extensive. 

I deposits at Tharsis, Buitron, and various other localities. 

I imt, at least, a portion of the labour of these establishments 

L *M performed by slaves is abundantly evident from the re- 

&MBted discovery of skeletons still retaining their chains. 




. distance of one hundred and fifty j'ards from tbe principt 
beaps at Rio Tinto, the foundationa of extensive builduii 
be readily traced, and a little beyond them is a Roman ce 
in which thotiEands of interments must, at various time 
taken place. On a portion of this ground, over which are s 
the columns of a ruined t«mple, broken tombstones of 
ginouB conglomerate are abundant ; but tbe inscriptions, 
were on metal plates, of which indications are still visibl 
in every case been removed. In this part of the cemei 
the graves have been long ago opened and their contt 
moved, but wherever the groimd is disturbed in the surro 
oak wood, which covers several acres, stone cist« are fom 
taining burnt bones, pottery, glsKS vessels, leaden plu 
links of iron chain, and pieces of litharge. 

The presence of litharge in these tombs, which are of ui 
edly Roman age, with the occasional discovery of | 
Roman lead, renders it more than probable that the tlu 
price of gold and silver enabled the metallurgist of tl 
to extract with advantage the extremely small amgunt c 
metals prewent in the pyrites of Rio Tinto. This was p 
effected by liquation and the subsequent cupellation 
reeulting lead. 

Forgetting tbe difference in the value of metals th 
now, overloolting the cheap labour of Roman times, and 
for granted that work done bo long ago must of necessi 
been done badly, the idea has presented itself to various a 
metallurgistB that such slags might be re-smelted with 
tage. The analysis of an average sample of these Roma 
by Mr. G. W. H. Clement, formerly chemist to the Ri( 
Co., is however sufficient not only to ahow the great skill < 
ancient artificers, but also to demonstrate tbe utter fu( 
any attempt to re-treat their residues. The results o 
were as follows : — 

Water 1-06 

SUicu 32-02 

Altuuiiui 6-B6 

lime 2-23 

^lagneaia '31 

Ferrous oxide 60'02 

Ferric oxide 4'18 

Plumbic oxide ...... IKW 

Ciipric oxide -Id 

Metallic iron -46 

Ferrous sulphide 1 '36 

Alkalies -28 

100-22 

Tbe above analysis indicates tliat in ever}' ton of si; 
e about 3 lbs. of copper, which, if it were posaih^^idj 
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tlie whole, would be worth say Is. 8d. ; a aum far too small to 
cover the cost of any known method of treatment. 

At the present time all the principal pyrites deposits are 
worked as large quarriea or open cuttings from which a certain 
;imount of overburden has to be removed, while the mineral is 
Lianstported by locomotive power over railways connecting the 
mines with their respective shipping ports. The very extensive 
^Kale upon which they are now conductwi will be gathered from 
1 the following figures. 

At Tharsis, during the year 1877, no less than 371,230 cubic 
Ijirds of overburden were removed and 435,876 tons of pyrites 
; of this amount 249,299 tons were shipped for the use 
Tof alkali manufacturers, mannre makers, &c., while 186,577 
toi^ were retained for local treatment for copper. In addition 
to this 45,41 tons of ore were extracted and treated at Calanas, 
while the amount of copper precipitate exported amounted to 
1,199 tons. 

The total ([uantity of pyrites raised during 1877 from the 
Aarsia and Calauas mines was 481,920 tons, and the average 
Bomber of work-people employed throughout the year 3,181, 
mbraving a population of about 6,500 either resident on or 
dependent upon the mines. 

The Rio Tiuto mines, like the Tharsis, are worked a cid 
Viivmi, and during the year 1877, 773,366 cubic yards of over- 
hirden were removed as well as 771,751 tons of pyrites 
Btract«d; of this amount 251,360 t-ons were exported, and 
10,391 tons retained for local treatment. During the same 
iriod copper precipitate representing 2,735 tons of metallic 
r was exported, and at the close of the present year the 
ainal production of metallic copper will probably not have 

a short of 6,500 tons. 
At the San Domingos mines the total production of pyrites 
%i 1877 was 341,000 tons, of which 163,000 tons were exported, 
*hiie the copper precipitate shipped amounted to 3,050 tons ; 
« in the case of the Rio Tinto works, the local production of 
sopper during the current twelve months will be much larger 
ttunin 1877. 

The largest deposits of pyrites are those of Rio Tinto, where 
three very wide and nearly parallel lodes are known to exist ; 
'rf these, however, the more southerly only is at present 
^rked. Hundreds of Roman shafts are scattered over the out- 
wop of the central and northern deposits, and it is believed 
ft&t a very large proportion of the ores which have furnished 
fte vast heaps of ancient slags accumulated in this vicinity were 
obtained from these lodes. 

At San Domingos and Tharsis the mines were found by the 
peaent proprietor in the exact state in which they were left 
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by the Roman workmeo, whereas at Bio Tinto they had been 
partially worked by the Spanish Government up to the time of 
theii transfer to the English company. The south lode is, how- 
ever, the only portion of the property which has been worked 
in modem times, and the portion which has been recently xm- 
covered has to a considerable extent been honey-combed by 
Roman and Spanish workings as far down as the ninth floor. 
This has had the effect of, to some extent, bleeding the vein by 
the continual drainage of copper water which has for m^ny 
yearB produced, by precipitation, about three-and-a-half tons <rf 
metallic copper weekly. 

That portion of the vein which was selected by the late Mr. 
David Forbes F.K.S. for an open cutting is about 200 fathoms in 
length and ie, in the widest pait, about 47 fathoms in width ; 
the outcrop of this deposit ia 45 fathoms above the valley of 
the Rio Agrio, with which the workings communicate by a 
large draiu age -tunnel in which a double line of rails haa 
been laid down. The total yield of this portion of the lode to 
the level of the valley was, when first opened, calculated at 
about 1 1,000,000 tons. 

The open cutting is worked in stages, or steps, each con- 
nected by tunnels with a railway by which the richer ores, in* 
tended for exportation, are taken to the main line, by whicif 
they are sent to the port of shipment at Huelva; while the 
poorer ores, destined for local treatment, are taken to thai 
calcination grounds. The total length of these local railwayB, 
which are of the same gauge as the main line and are work 
by locomotive power, is 17 miles. 

The illustration, Plate IV., from a photograph of a portion 
the Rio Tinto cutting, looking north, shows some of the Rotoanl 
and early Spanish workings which have been cut into 
the progress of the work. 

On arriving on the calcination grounds the ores are built int 
heaps, or tderaa, of the form of a beehive, each containinj 
from 100 to 600 tons ; these are lighted at bottom, either b; 
the help of brushwood or of a little coal, and the sulphur o 
tlie pyrites, taking fire, a slow combustion is continued during 
several months. 

At the expiration of some eight or nine months the teleras, 
have generally burnt out, and a large proportion of the coppef 
has b^n converted into cupric sulphate, which is a salt soluble 
in water. 

The ore ie now removed to large tanks, each some 60 feet lon^ 
II) teet in width, and 3 feet in depth, where it is lixiviated by 
successive additions of water which, after dissolving out the 
salts of copper, is rim through an extensive labyrinth of tanks 
in which pig iron is regularly stacked in hollow piles. Heitti 
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lie sulphuric acid of the sulphate of copper transfers itself to 
lIir iron with formation of soluble ferrous sulphate, while the 
topper, in a metallic granular state, but coutamiiiated with the 
ciuboD and some other impurities of the pig iron, is deposited. In 
.irder to collect this precipitated copper, the liquors are diverted 
in Bnccession from the various tanks forming portions of the 
arrangement for precipitation, tlie liquid drawn off, and the 
iron removed from one end of the tank, any adhering copper 
'■eing brushed oflF. The copper in the bottom of the tank ia 
now collected, and the cleaned iron replaced with an addition of 
fresh pig ; the operation being continued with the next stack in 
-noc^on, until the whole of the pig iron has been cleaned 
■ind freshly stacked, and nearly the whole of the copper taken 
"ut. This precipitated copper, when washed, freed from frag- 
ments of iron, and calcined, cuntains about 75 per cent, of 
ffietalUc copper ; it is then bagged and forwarded to England to 
ie refined and melted into ingots, as the high price of fuel in 
^pain renders it inexpedient to complete its metallurgical treab- 
'Qent in that country. 

On account of the very limited rainfall which occurs in this 
portion of the Spanish peninsuhi. the supply of water requisite 
fnr these operations is exceedingly difficult to obtain, and it 
W consequently been found necessary to dam two large valleys 
I'y dykes, thii3 making reservoirs, of which one will be provided 
«ith powerful pumping machinery. The firet of these tanks, 
*hich has for some time been in operation, is capable of con- 
laining 70,620,000 gallons of water, while the other, now in 
TOiirse of construction, will have a capacity of over 100,000,000 
'flllons. 

All the engineering work connected with this vast xmder- 
tiking has been skilfully designed and efficiently carried out 
't Ihe resident manager, Mr. M. W. Carr, whose arrangements 
^reitready so far advanced that the production of copper from 
''"' eitraction works alone already exceeds 150 tons per week. 

The average number of work-people now employed upon the 
"■iuw, railway, and calcination grounds of the Rio Tinto Com- 
Piitij, may be taken at about 5,000, but upon the completion of 
•"rb in connection with the water supply, this number will be 
'educed, while the output of copper will be largely increased. 

The ores obtained from the different mines very closely re- 
^nihle one another in composition, but, as already stated, the 
"cher, "selected," ores only are exported for the use of the 
Jlkali manufacturer, the poorer varieties being retained for 

^c*cal treatment. 

^B The following analysis, by Mr. F. Claudet, of pyrites from the 

W^* Domingos mine, may be taken as an average sample of 

r^""^ exporled ore :- 




The amount of silver in burnt ore variea from 15 or 18 drt. 
per ton in the San DomingoB cinders, to loz. 15dwt. in thri 
from Rio Tiuto pyrites. A few grains of gold per ton are ala* 
contained in all Spanish and Portuguese ores. 

In order to obtain the copper by the wet process of extraction^ 
the burnt ore is first finely ground and sifted, and subsequenUj 
roasted with about 12 per cent, of common salt until, by tlw 
oxidation of the metallic sulphides, a portion of the salt is con- 
verted into sulphate of soda, while the copper l)ecomea trans- 
formed into a soluble chloride. The copper salt is subsequently 
removed by repeated washings with hot water, and the copper 
precipitated in the metallic state by scrap iron. 

After the removal of the copper by solution the residua] 
" pm^le ore " or " blue billy " is thrown out of the washing vata, 
which are again filled with freshly roasted ore, and the operatJoo 
proceeds as before. The purple ore so obtained contains 96 pej 
cent, of peroxide of iron, equal to 67 per cent, of metallic iron 
and as it contains no phosphorus, and only traces of sulphur, il 
is largely employed in the blast-fiimace as a source of iron, ai 
well as for the lining of puddling furnaces. 
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Tiie silver contained in these ores was for some time lost, but 
■ly a process invented by Mr. Claudet, it is now, to a very large 
■tteot, recovered, and a portion of the gold is at the same time 
obtained. 

Nearly the whole of the precious metals present in the burnt 
Wee is contained in the first three washings from the roasted 
cifider, and, after ascertaining, by means of an assay, the propor- 
turn of diver present, a sufBcient amount of a standardised solu- 
tioa of iodide of potassium is added. Tliis causes the precipi- 
totioD of the silver in the foim of an insoluble iodide of that 
Betal. The whole is then allowed to stand for forty-eight hours, 
wder to allow the precipitate to settle, and the supernatant 
'eiqiper liquor is afterwards run off to the tanks containing iron 
ta precipitation. 

The argentiferous precipitate, after having been duly washed, 
is decomposed by boiling with metallic zinc ; by this treatment, 
on the one hand, a mixture of metallic silver with sundry im- 
pnrities and a notable amotmt of gold is obtained, while on th& 
other a solution of iodide of zinc is produced, which is stan- 
dardised and employed in subsequent operations. In this way 
the valuable substance iodine is used over several times with 
only a slight loss upon each operation. During the year 1877, 
l!4^00oz. of silver, and 320o2. of gold were recovered by 
Claiidet's process from liquors resulting from the treatment of 
Spnoish and Portuguese pyrites. 

The chief production of Spanish and Portuguese pyrites is, 
ftim the mines of Tharsis, Rio Tinto, and San Domingos, but 
nail quantities of tliis mineral are likewise obtained from 
amdry other localities. Of the total annual export from these 
eountries about 600,000 tons, representing 280,000 tons of 
tnlphur, are consumed in this country. In addition to this 
(4,000 tons of sulphur in the form of brimstone were imported 
ui 1877 ; thus bringing the grand total of our consumption for 
tlut year iip to 334,000 tons. A portion of the aulphiu- im- 
parted in the form of brimstone is employed for the preparation 
of gunpowder and for various other purposes, but a large pro- 
portion of it, as well as nearly the whole of that existing in the 
fdnn of pyrites, is consumed either by alkali makers or by arti- 
ficial manure roanufacturei-s. 

The amount of common salt decomposed by sulphuric acid 
during the year 1 877 was 578,201 tons, while from the resulting 
folpbate of Boda were prepared 223,776 tons of dry carbonate of 
locb, 169,769 tons of crystallised carbonate of soda, 74,663 tons 
of caustic soda, and 12,109 tons of bicarbonate of soda. In ad- 
dition to this 105,529 tons of bleaching powder were prepared 
from hj'droohloric acid resulting from the action of oil of v" 
npoD common salt. 
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The above are large amounts, and represent a money ralae o 
about 6,500,000^., but in addition to sulphur these mines annuallyfl 
Bend 28,000 tons of copper, of the value of l,680,OOOi.,into thel 
markets of the United Kingdom ; this is above nine times the I 
amount produced in Cornwall in 1877, and six and a half timerl 
more than the aggregate production of the United Kinf^oiAfl 
during the same year. The sulphur supply of France is chieflyl 
derived trom pyrite.'i mines situated near Lyons, while a lai^M 
proportion of the pyrites conamued in Germany is obtained fromV 
Westphalia. The pyrites employed in those countries containsg 
no copper. 



EXPLANATION OK PLATES m. & IV. 

PuTK in. Plan and elevation of an ancient Roman ( 
found at the Siin DomingxiB Mine, Portugal. This wbed, whi 
etructed entirely of wood, eomewliat resembles an ordinary y 
in whicli the buckets have been reversed. As, however, both its u 
and external liwgB are continuous, the water, which enters the buckels by tl 
apertures in the eidea while they are pasdng throngh the trough at t 
bottom, can only escape through these same oponings when rused U 
height of the launders, o, and, flowing out on either side, is convejed t 
another trough, in which is placed a second wheel of similar construction. 

It is evident that by the use of a series of such contrivances, placed o 
above another and all turned at tlie same lime, water can be raised firom I 
considerable depth. 

Plitk IV. This plate, engraved from a photograph, shows ti 
of the great open cutting at Rio Tinto looking north. The old world: _ 
which have been cut into durinf; the progreas of the excavation, ore partly d 
Roman origin, and in port made by die Spaniard?. 



THE EVOLUTION OF THE ELEMENTS. 
Bt M. H, PATTISON UUm, M.A. 



THE paper which Mr. Lockyer recently read before the 
Royal Society suggests maoj interesting problems to the 
chemist, but at the same time it awakens within him a feeling 
bordering upon despair. Are we not to be allowed to retain our 
belief that the elements are indeed what their name claims them 
to be ? If we allow the physicist to take our elements from us, 
what possession of ours can we deem secure from his attack ? 

But, whatever be the result, we must examine the fects, and 
endeavour to arrive at a just conclusion concerning the nature 
of the so-called elementary bodies. 

It has long been known that the elements may be arranged 
in certain families or groups, between the members of each of 
which many remarkable relationships are apparent. Not un- 
frequently, the numbers expressing the relative amounts of 
different elements, being members of the same group, which 
combine together in tlie formation of compounds, are found to 
bear certain simple relations to one another. Thus in the 
family of the halogens the combining weight of bromine is 
expressed by a number which is almost exactly the mean of the 
combining weights of chlorine and iodine. 

Reasoning on such factw as this, Prout, many years ago, 
propoimded the hj-pothesis that the elements are all compoimds 
of one kind of matter; that is, that the smallest paiticles of 
each element which exhibit the characteristic properties of the 
element are composed of varying quantities of one and the same 
primary form of matter. This primary form of matter Front 
sapposed to be hydrogen. This hypothesis required that 
tie weights of Uie smallest individual particles of each 
element should be whole multiples of that of the smallest in- 
diridual particles of hydrogen. But exact investigation, more 
especially the investigations of Stas, showed that this was not 
the case. Stas obtained fractional numbers expressive of the 
I combiningweightsofthose elements which he investigated. It is, 
however, worthyofremark that the most recent researches of Dumaa 
L have shown that Stas overlooked a soiuce of error in his other- 
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Aaaloffe* Buj be bseed hilwtai theprepert>e«,iii<»e«podaB 
between eotaiB pfajaieal rwwiaafciv at groi9e of detDcota, i 
tike pcopalies «f ■ntwHTw mHA ate certain^ compounds, i 
Tat7iDgpin^iortiaDa,aftwDdntiBcteleiDeste. Fnrtberitukiiai 
ticat one and the mme dement maj esiM ander what are tecli 
maOj termed aOotnifiic tnodificrtkng ; that is to say, tliat 
cobstaaee wUch we are anafale to deoompoee into any sunp] 
form of matter may DerertbdesB exhibit, onder Tarying oo 
ditions, diflecent pbyacal, and to a certain extent alao difleren 
chemical, properties. 

Such xoaiopea, details vf wbicli I cannot here recapitu 
late, give a certain degree of plaostbility to tbe theory thi 
the so-called elements are really non-elementary bodies. Bt 
sucli analogies, it may be urged, are shadowy and ' 
at the best. Twist it how you may, the fact remains ' 
we can decompose those hodies which we call compounds, a 
that we cannot decompose those bodies which we call elemenb 
No one — triumphaDtly remarks tbe orthodox chemist — no one h 
yet succeeded in decomposing an element. Are you sure of this 
Were one to decompose sodium to-morrow, it is by no mea 
certain that one coi^d recognise the products of the decompoti 
tion. The ordinary conditions of temperature and pressure wool) 
be entirely altered when one succeeded in decomposing sodium 
and under these altered conditions no small difficulty would bi 
encountered in endeavouring to determine the fact of decom< 
position. We may have decomposed the elements, and i 
tave discovered our own success. New problems require n 
methods for their solution. Anyone who should attempt thi 
study of what I may call the Elementary Elements with tl: 
ordinary appliances of the laboratory, would certainly I 
doomed to failure. 

Mr. Lockyer has attempted to solve the problem presente 
by the elements by combining a new series of experiments witJ 
* new method of observation. He has observed the phenomen 
which occur when certain elements are exposed to the action o 
intense heat by the aid of perLapa the only instrument at preseo 
known, which is capable of giving a satisfactory account of stud 
phenomena — the spectroscope, 

The paper in which Mr. Lockyer propounds Ms views of tbfl 
nature of the elements is entitled, " Discussion of the working 
Hypiitbcsis that the so-called Elements are Compound Bodies." Al 
thu very outset, therefore, the author is careful to abstain froiB 
•aying that he has succeeded in decomposing the elements. 
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Each (undoubtedly) compound body presenta us with & 
(.'haracteriatic spectrum, Tlie spectra of compounda are charac- 
terised by chanDeled bands and fluted spaces ; the spectra of 
-elements (so-called), on the other hand, ai-e characterised by 
lines, and are comparatively free from bauds and channeled 
spaces. 

If calcium chloride be volatilised in a flame the temperature 
of which is insufficient to cause decomposition of the chloride, 
DO lines characteristic of the metal calcium are seen in the 
Bpectrum; if the temperature l>e increased the calcium lines 
make their appearance, while the bands due to the chloride fade 
away, and at last disappear altogether. 

ITie behaviour of calcium chloride may be regarded as 
typical of that of a compound body when subjected to gradually 
increasing temperature 

If an element A, kuown to be mixed with relatively small 
<)nantities of another element B, be volatilised, the spectrum of 
the flame exhibits the characteristic lines of that element (A) 
which is present in larger quantity, and, added to these, the 
Imes of the impurity (B): the greater the amount of B the 
fpeater being the prominence of its lines in the spectrum. 

The two cases — viz. that of a compound undergoing decom- 
position as the temperature increases, and that of a mixture of 
two elements — may thus be partially differentiated by means of 
the spectroscope. 

Suppose that a compound substance is volatiHsed at a tem- 
perature at which dissociation just begins, and suppose that four 
lines (0,5,7, S) are apparent in the spectrum; now let the temper- 
ature be increased, di^ciation proceeds, the line h disappears, 7 
thins out, while j3 becomes prominent ; let the temperature be 
further increased, a process analogous to that already sketched 
I)roceeds, imtil the line a alone remains promioently shown. 
'to reversing the process — that is, on passing from higher to 
lower temperatures — the spectrum gradually becomes more com- 
plex until the original condition is reached. It. is, however, to 
lie Doted that the line a which is the sole strongly-marked line 
flt high temperatures, does not disappear, but only becomes 
thiniier anil less marked at lower temperatures. 

Now if we suppose the substance exhibiting the original 
spectrum (a, ^, 7, 5) to be a eo-called element, and further if 

tlB suppose this element to undergo decomposition as the tem- 
penture increases, we should have just such a series of spectra 
M that described. 
In the paper already cited, Mr. I^ockyer gives a diagram of 
certain of the lines in the spectrum of calcium as seen at tem- 
peratures varying from that of the Bimsen lamp to that of the 
•tar SiriuB ; and this spectrum he pronounces to be just what 
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we sbonld eipecf to find on the anpposition that the elenx 
bau undergone decomposition at the high temperatures of t 
nin sod Sirius. ' 

By a comparisoD of the lines of calcium us seen in t 
spectra of Sinus, a Aquilse, and the bud, Mr. Lockyer finds d 
that line which ia all important in the spectrum of the fin 
named star has become much less marked in the spectnim 
the second ; in which, however, a new broad, well-marked li 
has suddenly, as it were, started into being. The characterisl 
liDe of SiriuE, and that of a Aqiiilre, he regards as probably r 
dieative of the presence in the former of one, and in the latter i 
uioUier, of those simpler forms of matter into which, on i 
theory, calcium is at these exalted temperatures decomposed. 
Calcium, as we know it, is thus a product of comparatiTd 
low temperature. If the line spectrum of calciiun obtained i 
tlie temperature of the electric are be indeed caut«d by ti 
vibrations of the true atoms — as distinguished from the mol< 
cules — of that metal, then the evidence, granting it to 1 
tnistworthy in all respects, most probably points to a splittiii 
up of calcium in the atmosphere of Sirius with the productid 
of a form of matter altogether different fnim anything known b 
us on this earth. 

But it may be urged that even at what are to us exceeding 
hi^ temperatores. the calcium molecules are not decompow 
and that the line of calcium which is so marked in Sirins u 
other hot ?tars is probably due to the vibration of the caldm 
atom:; into which the molecules mt resolved at these extremel 
high gttUar temperatures. Indeed Mr. Lockyer h^a himte 
(" Nature," x. 90) stated fiicts which are not inconsistent wit 
this view. 

Now, if this theory be adopted, it is evident that the answe 
to be given to the queiy. Are the element* elementary ? depend 
upon the meaning which is assigned to the term "element." I 
this woid be used to designate a substance from which no fotm 
of matter exhibiting properties different from those of th 
original forms can be obtained, then the elements are, by on 
theory, not elementary. But if to " element " we give a more exao 
meaning, and define it as substance, the molecules of whi(^ 
are composed of two or more similar atoms, then the element! 
are, by tl»is theory, tndy elementary. 

The controversy regarding the nature of the chemical 
elements turns hu^ly on the meaning which is given to th* 
term "element." 

If we are to «^anl the effect of greatly exalted temperatures 
upon the molecules of the elements as consisting in a decom- 
positiou of these moIeciJes into their (similar) atoms, we must 
be prepared to bring forward evidence in support of the pro. 
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itjons — (1) that the properties exhibited by the atoms of 
jefementaiy bodies are markedly diiferent from those exliibited 
Ih tLe molecules of the same bodies ; (2) that the molecules of 
Be elements may remain undissociated into their constituent 
stoms even at very high temperatures, in other words, that mole- 
ttHes are very stable systems ; but (3) that those molecules are 
decomposable ; and (4) that changea iu molecular weights may 
occur amongelemeuts orcompouuds, which changes are correlated 
with considerable modifications of the properties of those 
elements or compounds. 

I cannot but think that chemists have for many years had 
pvidimce before them which might warrant the statement that, 
id a certain sense, the elements are really compound bodies. 

The molecule is defined as the smallest part of a substance 
which exhibits those properties which are characteristic of that 
substance ; if the molecule be subdivided, a substance (or sub- 
stances) with new properties is produced. We have very 
ilisiinct evidence in proof of the statement that when two 
i.-aseous elements — say chlorine and hydrogen— combine, the 
r^BibinatioD takes place between the atoms of these elements, 
wliich atoms are themselves first of all liberated from the 
slate of mutual combination in which they exirted in the 
molecules of the elements. The act of combination is pre- 
ceded by an act of decomposition , We call the product of the 
combination a compound, because its molecule is composed of 
different atoms; we call the bodies which have undergone 
decomposition elements, because their molecules are composed 
of similar atoms. 

But we are unable to isolate and examine those atoms of 
which the elementary molecules are composed. We believe that 
at the moment of the liberation of an element from a compound 
that element exists in the atomic condition ; we know that at 
the moment of liberation many gaseous elements are capable of 
perfomiing actions which they are incapable of performing 
under ordinary conditions. 

We may probably say that in the production of hydrogen 
from water by the action of the electric cmrent we have 
three distinct chemical changes occurring : viz, decomposition 
"f the water molecules with the production of atoms of 
liydrogen and oxygen ; combination of the hydrogen atoms 
'ith the production of what is known to us as hydrogen ; 
and combination of the oxygen atoms with production 
uf what is known to us as oxygen. In the second and third 
cbanges the products of each change are removed from the 
sphere of action ; the change proceeds with great rapidity, 
^e cannot arrest the series of changes at the close of the 
first; but we know that the introduction of certain substances 
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sometimes suGGceg to prevent the s^ond or third rhan^ 
occurring ; and, in place thereof, we are presented with a 
chemical change traceable to the action of the dissociated hj 
drogen or oxygen atoms upon the new substance introdno 
Now we call the atoms of the two elements which, by their unii 
produce water, atoms of hydrogen and oxygen ; and, in a seiui 
this is correct. These atoms, by their union together, produ 
hydrogen and oxygen respectively ; they are therefore atoms 
hydrogen and oxygen. But we know very little concerning t 
exact nature of these atoms per ee, and all we do know poii 
unmistakably to the conclusion that the properties of th< 
atoms are very different from those which are characteristic 
the bodies known to us as hydrogen and oxygen. 

I think it would scarcely be too much to say that the wh( 
edifice of modem chemical theory rests upon the hypothesis- 
may we not Bay upon the fact?^that the properties of til 
elementary atoms are markedly different from the properties 
the elementary molecules. But, at the same time, facts do i 
allow us to regard the elementary molecules as composed 
atoms of two or more kinds of matter ; in other words, all t 
atoms of hydrogen are certainly possessed of the same propertifl 
The hydrogen molecule may then be regarded as A + A, i 
A + B. We know the properties of the body A + A ; we also kn 
the properties of many other bodies into the composition 
which A ent«rs ( A + C, A + D, A + E, &e., &£.) ; but we know n 
little regarding the properties of A, or B, or C, &c., as distil 
from the properties of the compounds of those bodies. '^^ 
can, it is true, trace modifications in the propertie.a of a co 
pound brought about by the entrance of A, or B, or C into tl 
compound ; but we are unable to isolate A, or B, or C, and sti 
its properties when in the free state. 

The decomposition of an elementary molecule into its co 
ponent atoms would thus be a phenomenon not altogetl 
analogous to the decomposition of a compound molecule i 
its components. 

Until recent years we have been content to decide the qi 
tion of the decomposition of a given substance in a c^ 
reaction by examining the supposed products of decompositi 
by the ordinary physical or chemical tests. Chemists foond i 
difficulty in distinguishing sodium &om soda, iron &om ml 
mercury from its compoimd with oxygen ; but now we learo tl 
more searching examination must be made before an answer ( 
be given to the question. Are the elements themselvee c&pal 
of decomposition ? 

If our elements are non-elementary, they are at any n 
much more stable, they are in a sense more definitely 
chemical entities, than our compounds. 
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The evidence in proof of the eecond and third propoBitions 
biid down on p. 1 29 — viz. that molecules are very staltie syatema, 
but that they are nevertheless decomposable — may be said to be 
furnishexi by the whole science of Natural Philosophy. 

Physical research has determined series of constants for the 
elementary aad compound molecules ; it has shown us how stable 
these systems are, what definite and clearly marked properties may 
he predicated of each of them, and how the properties of masses 
of matter are to be traced to the properties of the moleculea 
of wtuch these masses are built up. 

Chemistry, on the other hand, teiaches, without doabt or 
hesitation, that, stable an those molecules are, they are neverthe- 
iessdecomposed when acted upon by chemical force. To enumerate 
the leading instances of such decomposition would he to write a 
Treatise on Descriptive Chemistry. 

The fourth proposition — viz. that changes may occur in the 
molecular weights of elements or compounds, which changes are 
correlated with considerable modifications of the properties of 
those elements or compounds — demands illustration in some 
detail. 

Apart from the evidence furnished by chemistry in support 
of this proposition, we know of facts which can scarce find an 
explanation if this statement be denied; Schuster's recent work 
on the Spectra of Oxygen obliges us to regard the existence of 
varying molecular groupings of that element as extremely 
probable, and tends to discredit the idea that mutual inter- 
ferences among the vibrations of the same molecules may be a 
vera ca/usti of the totally different spectra of oxygen which he 
has observed. (" Nature," xviii. 269.) Certain of the changes 
obeerved by Dr. Schuster to occur in the spectrum of oxygen 
are most abrupt and complete, and seem only to find an ex- 
planation in the hypothesis that distinct molecular groupings 
of that element exist even at high temperatures. 

But let us look at the chemical evidence in support of our fourth 
proposition. I suppose everyone regards oxygen and ozone as forma 
■if one and the same elementary body. The marked difierences in 
the behaviour of these bodies are traceable to the faot that the 
TTiiileeiile of the latter contains half as many more atoms as the 
aioleciJe of the former. The molecular weights of oxygen and 
ozone stand to one another in the proportion of 2 to 3 ; their 
molecules are composed of similar atoms, nevertheless the pro- 
perties of these molecules are by no means identical. Again, 
the molecular weight of sulphur vapour at temperatures a little 
above the boiling point of that substance is three times as great 
H the molecular weight of the same element at considerably 
higher temperatures. Little is known of the properties of the 
molecules of sulphur as they exist at either of these temper- 






in iMMJng, tb>t a ol phi ir jmUb a &e hmUiiui onlf at w\ 
t anp ewtuf e a . PhoiphMiB and aoBBie, agua, f tm e nt ^ 
f"^*'r— of pntlaUe rtingrn i> ■mJwtiiIt «e4[lit8 oon 
with decided dun g M in gcnenl <iiM!H i if« l and pbjakal | 
Uo. Indeed, tlie vltole Mnes of &ets gTQCiped andar tb 
.dttotropgr fiadt its onlj Tatiooal nijiliiialiiiiii od tbe anoi 
that the DMlecnles of the ftieme o tor y bodtee may exist in i 
more or le» oompkx gronprngB. 

Wbeo we torn to canqioaiida ve God mmiNoas imta) 
the taioB kind Aie not tlie so-called poljnneric ctnn] 
of organic t^nnisti; imrtancgg of the great change wl 
tirought about in the properties of a compoimd b^ doubt 
tripling the w^gfat of its molecnle ? 

An oxide of nitrogen represented by the fecmttla ! 
exUtA ; when this compound ie heated its physical pta| 
are altered. From a deep-red-ooloured ga* it is oouvetied 
colooriesB gas ; but the elementary coinpoidtion of each 
the sune, only the molecalar weight of the odourless con 
is represented by tbe formula NO,. lu a sense thed 
tKxlies are tbe same : in another and a truer sense tt 
differeut. HpectroscopicsUy considered, there is a maila 
ference between these compounds. 

If the facts which Mr. Lockyer has amassed cono 
changes in the spectra of the elements be considered I 
chemical standpoint, it ^eems to me that they are in k< 
with other phenomena of a more piuely chemical natui 
that both Bcries of phenomena point to the compound ; 
of the elements, in the sense that the molecules of these 
are composed of particles (atoms) exhibiting properties di 
firom those of the elements themselves, but at the same 
that the atoms of any one element all exhibit tbe sam 
perties. 

Whether these elementary atoms are or are not then 
capable of undergoing decomposition must remain ai 
(juestion. 

I do nut enter into the question of the meaning of 
short lines which Mr. Lockyer states are to be found oco 
in the spectra of different elements after eliminating a 
purities. Until the methods adopted for eliminating imp 
are published in detail, and until we are possessed of 
information with regard to tbe effect of very small qua 
of impurities in moditying tbe elementary spectra, it set 
preferable to absUun trom framing hypotheses wfaici 

tntually be found not to rest on any sure foundation o 
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.yer'e work certainly fiimisheH us with new proo& ^^^H 
mce of varying molecular groupings for one and ^^^H 
he same element, and of the fact that these groupings be- 
Mme simpler as temperature is increased ; but I do not think 
that we are as yet compelled to believe that essentially new 
tinda of matter — that is, matter, the molecules of which are 
composed of atoms other than those composing the molecules of 
the original matter with which we started- — are produced, even 
at extremely high temperatures. We may, perhaps, regard the 
molecules of our elements when in the gaseous state at moderate 
temperatures as consisting each of distinct atoms ; as temperature 
increases some of these molecules are partially decomposed, but 
without the production of new atoms, until, at eitremely high 
temperatures, the greater portion of the mass of naatter present 
eiists in the true atomic condition. It may be that at yet 
tigher temperatures, or under altogether different conditions, 
these atoms would themselves be decomposed, and that this 
process woidd proceed, until finally the primary atom, of which 
all our elementary atoms are but compounds, would be 
reached, 

On this view the formation of so-called elementary atoms, I 
and again of so-called elementary molecides, would mark resting- i 
places in the process of evolution, points of stable equilibrium 
in the cycle of development. But this is merely hypothetical. 



M, M. Pattison Muib. 
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THE STRUCTURE AND ORIGIN OF LIMESTONES* 
By H. 0. SORBY, F.R.S., President of the Oeolopical Society. 



IN his Ajmivereary Address, delivered at the anritial meeting 
of the Geological Society in February, the President, 
Mr. H. C. Sorby, F.R.S., departed Romewhat from the ordinary 
form of Presidential addreBuee, and laid before the Fellows the 
result of some laborious original researches which seem to op«i 
tip a new field of geological inveatigatiou, or at all events b 
^i^ggsst the application of a perfectly new method of researol 
to the solution of questions which have certainly already, t 
ti limited extent, attracted the attention of geologists, fi 
devoted his address to the cousideration of the structure an 
origin of limestones, relj-ing mainly on his own observstioi 
but incorporating general fects derived from other sources. 

Since, in order to properly understand the nature of t 
various constituent fragments of which many limestones i 
composed, it is necessary to know the organic and mineral con* 
stitution of the different living calcareous oiganisms, this quel 
tion was first considered /fO)n a aomewhat novel point of twu 
and very great attention was paid to their optical charactenf 
by using a new form of apparatus, specially designed for sui^ 
inquiries. The conclusion arrived at was that the microscopies' 
structure depends on both organic and mineral growth, tha 
influence of the one or the other varying greatly in diSerenti 
organisms. Much attention was also directed to their mineral 
constitution, bo as to determine whether the carbonate of lim 
exists in the form of calcite or aragonite. The results are i 
some cases very curious and interesting, even from a biological 
point of view. Certain large natural groups are composed o 
calcite, and others of aragonite, whilst others are made up o 
well-marked layers of the two minerals. In a few cases they 
occur too intimately mixed to be separated. 

* We ueod bardly apologJBe to our retiders for layinc^ before them 
nbatntct of a most interestinp- and important memoir. For nil but the 
pftiBgrapli we are indebted to the kindoesa of Mr. Sorby. 
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A knowledge of the true mioeral constitution is of the 
liigbeat importance in studying the changes which occur in 
f<«£ils and in the investigation of limestones, since the final 
results depend almost exclusively on the original mineral con- 
stitution, and vary very greatly, according as the organism is 
calcit« or aragonite. This is due to the fact that calcite is 
in a state of stable equilibrium, and cannot he changed to 
aragonit^ ; whereas aragonite is relatively in a state of tinstable 
i^uilibrium, can be changed to calcite, and usually is so 
changed, in limestone rocks. This circumstance has given 
rise to a complete diiTerence in the state of preservation of 
many fossils. When they were originally calcite they may 
have been further consolidated, although retaining their original 
lltructure and optical properties ; whereas when they were 
lite they have sometimes been completely removed hy 
■olntion, and in other cases are changed into a mass of crystals 
~f calcite, and have lost their original microscopical and optical 
icters. The general structure of various recent and fossil 
lisms was then considered, with special reference to the 
intification of the minute fragments occurring in limestone 
When they were originally composed of calcite, and 
• retained their original characters, there is usually little 
P'difficulty in identifying them more or less definitely, according 
to their particular nature, so as to be able to form a good 
opinion as to the constitution of each particidar limestone. 

The various facta connected with the disintegration of shells, 
mtah, and other organisms are of great importance in atudy- 
Lj^ limestones, since without an adequate knowledge of the 
Kttumer in which they decay and fall to pieces very inaccurate 
B»ncluaions might be formed respecting the origin of calcareous 
■•deposits. The results mainly depend on original structure, 
T.Ud on whether they are composed of caicite or aragonite. 

The next questions considered were the manner in which the 
ICitemal form of minute fragments is preserved in limestone, 
find the various chemical changes occurring after deposition 
K(a consolidation. When their structure is preserved there is 
Im difiBoulty in recognising the fragnaents ; but when they 
Ibve become almost eqiially crystalline with the siUTTOunding 

■ Material, their outline is shown by a thin layer of dirt, or by a 
litone of finer crystalline texture. After deposition and con- 
ftfolidation certain changes have often occurred, the chief of 
Rvhich are the replacement of more or less of the lime by 
■liiBgnesia or by iron compounds. After having thus estab- 

■ Bihed the general principles necessary for their accurate study, 
j3b. Sorby entered on a description of our various English 
I ntneBtones, in descending order. 

The main object was to ascertain, as far a» possible, the exact 
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nature of the material from which each particular rock 
derived. Some beds are mainlj' composed of definite fragmq 
go as to be analogous to sands, and then the true nature of 
variouB organisma from which the fragments are derived cat 
ascertained, provided they were originally calcite; wbereai 
thej were originally aragonite and their structure is loet, 
often all that can be said is that they were portions of aragtn 
shells or corals. Many associated beds are or were compo 
of fine granules, and analogous to clays. In many cases ti 
' have in all probability been derived to a great extent ti 
aragonite organisms decayed down into small granolea 
calcite, and it is quite impossible to further identify 
material. 

The structure and origin of oolitic grains were dwelt upol 
some length. Usually they are evidence of true chemi 
deposition, since they are of simple crystalline growth, qi 
independent of living organisms. They occur of three disti 
types, viz. ; those composed of aragonite, like the Carle 
Spruddetem, having a concentric structure without any r 
giving rise with polarized light to a black cross optia 
positive ; those which are composed of calcite, having a radj 
structure, and giving rise to a negative black cross, which 
the predominant and characteristic type of our oolitic ro( 
and those which have recrjstallized since their original fori 
tion, which in all probability were originally aragonite, aul 
quently changed into calcite. 

After describing the chief points of interest connected » 
the leading limestone rocks of our country, Mr. Sorby collec 
together the residta into two tables, the more conded 
of which may here be given : — 

Nune at mdci. CMiJaiiuUliumt [mHTneBti, tu.. (o d«ceddlng on 

Sliell priama, FommiDifera, Ooccolitbs. 
Froshwater ningODite MoUusca, Entomostroca. , 

{ChemicftI deposits, aragonite Mollusca und OutbIb, 1 
chiopoda, Echiuodt^rms, shell prisms. 
Original Btnicture lost by dolomitiiation. 

(Encrimtes, Bmchiopoda, Forammifera, Coralai 
Pol;.oa. 
EQcrinitea, OoraJs, and allied organism?. 
Encrinitea, OoraJa and I'olyzoa, Itracliiopodu, TriloUt 
Metamonihie fOripnal structure lost, quarU and silicatea foi 

He concluded as follows : — 

"On examining these tables, especially the more deta 
one, it will be seen bow remarkably and characteristically 
limestones differ from one another. There would usuall] 
little difficulty in deciding the general age of any character! 
somewhat coarse-grained, specimen. Though this diffen 
must to a great extent have depended on the nature of 
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niemB living at each period, yet it miist also have depended 
lie accompanying mechanical and chemical conditionB of 
irater in which the depoBitH were formed. The gtructure of 
. rock was, therefore, dependent on two moat important cir- 
itances, and we need not be surprised to find the result* so 
)d and characteristic. Passing upwards from the earlier 
B, we may often trace a gradual change, broken here and 
B by a complete contrast, which is in perfect agreement 
results arrived at from a totally different class of facts, 
the whole, this is perhaps the moat important conclusion 
we can at present draw from the subject before us. Possibly 
lier regearch may teach us much more, since I am quite sure 
much remaintj to be learned. In fact, long as I have studied 
B questions, and long as this address baa been, I know 
B enough of the facts to be convinced that it is only a sort of 
, attempt and rough sketch of a very wide and complex 
let." 
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THE SUPPOSED NEW CRATER ON THE MOON. 
By E. Nbisos, FJL.A.8. 



"VTEAR the centre of tlie surface of the lunar bemicpiui 
Xi which is turned towards the earth, there ia an open 
which ia called by astronomers the Mare Vaporum. It i 
tolerably level plain, with a grey coloured surface, broken by son 
small hills and craters, and traversed by a number of low, gent 
sloping ridges. It is bordered on all sides by elevated bj 
lands, plateaux, or lofty ridges. This region is from its 
tion so favoiurably placed for observation that all its 
can be observed and its appearance delineated with grei 
facility. 

In the southern portion of this grey plain, the Mare Va- 
porum, there is a small crater some five miles in diameter, which 
was named Hyginus by Riccioli, the founder of the present 
system of lunar nomenclature. The crater lies in the centre of 
a level portion of the Mare Vaporum separated from the rest bj 
some broad valleys and ridges of a dark grey colour. Rmmiog 
right across the plain a very remarkable formation was dis- 
covered by Schriiter, the celebrated Hanoverian astronomer and 
the rival of Sir William Herachel. This formation, which is 
termed a cleft or rill, resembles a great dry canal or gorge, or 
still more what ia in America tei-med a Canon. It is a sharply 
marked gorge or ravine over a thoiisand feet deep, and about three- 
quarters of a mile broad, with steeply falling sides, it extends 
for nearly 150 miles right across the plain, bursting through alt 
obstacles, and ending on the great grey plain called the Mate 
Tranquillitatis. This rill was the tirst of these extraordinary 
formationa which was discovered, so that its discovery excited 
much astonishment and led to the entire region being examined 
with great care. Since then many similar though more minute- 
formations liave been discovered, and in particular a most intri- 
cate system of these rills was discovered by Beer and iSladler 
in the open plain to the south of Hyginus. In consequence of 
these discoveries this portion of the lunar surfiace has been most 
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attentively studied, and its appearance has been repeatedly 
drawn, and the whole region mapped with especial care. Con- 
sequently it is a portion of the surface of the moon whose 
appearance and configuration are known with much exactitude. 
For many years it has been the opinion of the great majority 
of astronomers that no apparent changes of any magnitude 
were now taking place on the surface of the moon. Nor is it 
difficult to understand how this opinion has become generally 
prevalent. It originated in a summary by the celebrated eel&- 
nogiapher Midler of the differences in the constitution of the 
moon and earth, in which he forcibly pointed out the irapoB- 
sibility of the view held by the earlier astronomers, which waa 
that the moon might be a mere copy of the earth. Jn these 
noarks Miidler indicated that, compared with the earth, with 
jtlbige oceans, abundant vegetation and numerous &ima, the 
would be a lifeless desert. In a condensed and far lesa 
form these remarks were copied into all the text-books 
lomy, and constituted the basis of the views commonly 
astronomers. 

gradually came to look upon the moon as an arid life- 
1«> desert, an extinct volcano. Nor is the real condition of the 
moon, when seen through a telescope, such as to remove these 
Tiews. "Its cold, still, apparently unchangeable surface, so 
utterly unlike what the earth might be supposed to appenr as 
Been from the moon, convinces the casual observer that the 
fforld he then sees is utterly unlike the world he knows. Ho 
looks for immense cloud masses floating in a dense atmosphere; 
for wave-tossed seas and winding broad rivers, and there are 
none ; searches for luxuriant forest-a and green prairies, and they 
are absent. This is enough, and he retires from further con- 
templation of the ' airless, waterless, lifeless, volcanic desert ' of 
lie text-books." 

It is, however, a noteworthy fact that this is not the view 
entertained by those who have devoted much time to the study 
of the condition of the lunar surface. These astronomers 
ijelieve that they have found a numl)er of facts which in their 
"imion indicate that great physical changes are slowly taking 
Q the surface of the moon. Schroter, Lohrmann, Gruit- 
Miidler, Schmidt, five most famous selenographers, men 
^Te devoted many years to observing the moon, have 
pointed out appearances which they had observed, and which 
tiwy believed indicated instancee of real change taking place 
on the lunar surface. 

Yet the great body of astronomers still retained their opinion, 
although they had not devoted any special attention to this 
■juestion ; they contended that no change had been proved to- 
We occurred, and refused to alter their opinion that no changd 
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y/as possible until some change iiad been proved to hate taken 
place. 

Within the last few years some important instances of pro- 
bable lunar change have been made known. Thus the crairt 
Liun€ described by Lobrmann, Madler, and Schmidt aa sii ot 
eeven miles in diameter and very deep, has now quite disappearsj, 
leaving only a white spot surrounding a small crater of scarctd; 
one-tenth the former area. Other instances have also been made 
known of the disappearance of craters which had been described 
by the earlier selenographers, and of the appearance of olha 
craters in places where no crater had been seen before. In none of 
these cases is the evidence perfectly decisive : there ia in all ea«e 
room left open for doubt, and consequently they have been 
waived aside by astronomers in general. 

Several years ago it was pointed out that to obtain a decisive 
instance of a real physical change of this nature, it would be 
essential for a crater of some size to make its appearance in or 
to disappear from one of some three or tour regions in the 
moon which had been thoroughly well atiidied. There s» 
certain small portions of the lunar surface which have been 
assiduously studied and drawn by many selenographers, includ- 
ing several well-known living astronomers. It was then point*d 
out that the region aroimd Hyginus, Triesnecher, and UTtat 
bad been so thoroughly well studied that were a crater of tlire* 
or four miles in diameter to appear or disappear in this portion 
of the moon, the fact could be established with certainty. K 
was also pointed out that these regions formed only one-then*- 
sBudth part of the visible surface, so that though there migU 
Ite numerous changes occurring on the limar suiface, it wonU 
be unlikely that one should occur in this comparatively 
area. 

On the evening of May 19, 1877, a German astronomer, Vl 
Hermann J. Klein, was examining the portion of the luna 
surface around the well-known crater, Hyginus, using a first! 
class telescope of SJ inches aperture. The moon had not quit 
reached its first quarter, so that the sim had only just rise 
above the horizon of this portion of the moon, and its rays ft 
very obliquely on the surface, throwing every inequality into btot 
relief from the long sliadows that they cast. For nearly tweli 
years Dr. Klein had been in the habit of observing this regia 
80 that it was perfectly familiar to him, and he was wi 
acquainted with it« appearance. To his great surprise I 
caught sight of a large black crater filled with shadow, lyu 
to the north of Hyginus, and near the border of the level jdal 
He felt certain that this crater had not existed on any previo 
occasion when be had examined this region, for it seemed bi 
80 conspicuous that he waa positive he could not have ovi 
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looked it. In this region there are a number of small craters 
only a mile or so in diameter, and requiring a good telescope 
and steady air to be seen with ease. The day was not favour- 
able, and only one of these craters could be seen, yet th is strange 
object wa£ most conspicuous and nearly three miles in diameter. 
Dr. KleiB had often seen the amall craters, but he had never 
before seen this great black crater-like object ; and it appeared 
ootain to him that he could not have so often seen these small 
cr&t«rs and yet. have overlooked this great giant right in their 
?ery midst. W<is this crater iieio ? 

The great importance of this observation could not be over- 
looked. It strongly pointed to a new volcanic eruption on the 
lunar surface. That the object must be new seemed certain to 
Dr- Klein, for he could not see how it could have been over- 
looked not only by himself, but by all those who had previously 
obeerA-ed, drawn, or mapped this region. It was not seen for 
a certainty by Schroter, Lohrmann, GruithuiBen, Madler, or 
NeisoD, or they woiUd have mentioned or drawn it in their 
works on the moon. Was it new ? Had it been reserved for 
him to give to astronomers what they demanded before changing 
their opinion, a decisive proof of a visible real physical change 
on the lunar surface ? 

It must have been with anxiety and impatience that Dr. 
Klein awaited the next night, when he might again see this 
itraage formation, for during the night all sorts of doubts and 
difficulties must have sprung up. But the weather was un- 
"ffourable, and he could not resume his observations. Day after 
went on, and clouds still prevented his continuing his 
itioDB, so that he was compelled to wait for the next 
ition. 

Jime 18 was the first day that thia portion of the moon would 
be seen under a low illumination, though even then under far 
leffi favourable conditions than on May 19, The day arrived 
and it was fine, and Dr. Klein turned his telescope on this 
re^on. Had or bad there not been some extraordinary error 
in hifl last observation ? Would or would he not see a great black 
crater where no such crater had been seen before? He looked, 
and in the place where the crater had been visible on the pre- 
viooB occasion, there appeared a great black spot with an ill- 
defined nebidouB border. Was this the great black crater ? 
It was certainly in the right place, and near it he could see the 
ymnll craters which he had so often seen before. Still on the 
previous occasion he had seen a distinct crater-like formation, 
whereas all that was now visible was a blackish spot. It was 
true that the sun was considerably higher now than before, 
which would tend to mask the crater-like appearance of the 
fionnation. This variation was very perplexing, was this object 
leally a crater or merely a blackish spot ? In either case v't 
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seemed to be new, for it had never been seen by any prerioui 
observer, whereas it was still far too conspicuous to be overlooked. 
The moon quickly setting put an end to his observations. 

On the next evening Dr. Klein again turned his telescope oB 
this region, but to his surprise the crater-like spot had com- 
pletely disappeared. 

Dr. Klein awaited with impatience an opportunity of ol^ 
taining ftirtlier observations with the view of elucidatii^ tliii 
mystery. The Fates were unpropitious. A spell of bad weatha 
set in, and lunation after lunation went by, and no chance* 
were afforded of obtaining additional observations. At last, on 
November 13, a short observation was obtained of this r^oil 
on the second day after sunrise, and an ill-defined dark spotvu 
seen in the place of the strange formation, which had totted 
like a deep crater when seen at sunrise. The next day came, 
and the spot had again disappeared. It was evident that it « 
-only to be seen for a short time after sunrise, and disappeared 
when the rays of tlie sun fell more perpendicularly on tie but- 
face. It was again visible on December 13, but only as a daik 
spot, the sun having then risen some 15° above the horiam of 
this part of the moon. 

These observations threw a good deal of additional light on 
the nature of this mysterious strange formation. Dr. Kleux 
came to the conclusion that it was a great deep black orattTi 
siuTounded by a very low wall and sinking deep into the HBif 
It appeared to be elliptical in form, and to be over three n 
in diameter. At sunrise it seemed to be so conspicuous, t 
T)r. Klein felt certain that had it then existed it could not bava 
l.ieen overlooked by Schroter, Lohrmann, Gruithuisen, Madl^ 
or Neison, when they had so repeatedly drawn the region 
Moreover, he was sure from his own observation that it did no 
exist prior to 1876. It was then a new formation. 

To an experienced observer the features presented by thi 
crater were not new. They instantly recalled to his mind th 
peculiar crater-like depressions of the far south-west. Far am 
on the south-west quadrant of the moon, in the wild r^oi 
aroimd Fraunhofer, and near Stiborius, there are known to ed 
a number of deep crater-like formations, with low walls, or eva 
witliout walls, and penetrating with steep sides deep into the loin 
surface. When seen just after sunrise, when the solar rays fi 
very obliquely on the surface, these formations are seen in t^ 
form of deep black craters. As the solar altitude slowly i 
creafes and the rays liill leas obliquely on the sur&ce, tl 
craters grow more indistinct, and take the appearance of d 
grey or blackish spots with ill-defined borders. Gradually, i 
the solar altitude increases, these spota grow more and I 
^^distinct, and two or three days after sunrise they o 
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isppear, and as long se the solar rays fall thus perpendicularly 
^1 the surface they remaiQ invisible. These are tl)e very 
uacteriBtics which marked the new crater which had been 
I by Dr. Klein ; and his obseri-ationa seemed to strongly in- 
ite that a crater of this kind had suddenly made its appear- 
e on the level plain north of Kyginus. This rendered tlie 
jovery still more extraordinary, for no similar formation was 
pwn to exist within nearly a thousand miles of this spot. In 
I, it waa supposed that they were strictly confined to a region 
the far fiouUi-west of the moon. 

For pome time Dr. Klein was unwilling to publicly announce 
I discovery, being well aware that the great majority of 
tzoaomers were of opinion that the period was long passed in 
1 such changes were possible. He wrote, however, Dr. 
s F. Schmidt, the eminent selenographer of Athens, and 
» learnt from him that though he had frequently observed and 
nwn this portion of the moon at different times between the 
rs 1860 and 1875, yet he had never seen any trace of such a 
ler. Shortly afterwards he learned that on again observing 
I region Dr. Schmidt had at once seen the new object 
dttcrihed by Dr. Klein. He determined to publish an account 
of his observations. 

Dr. Klein sent an account of his discovery to the editor of 
the *' Journal of the Selenographical Society," with the view 
of obtaining the co-operation of the members of the Society in 
'^wrving this new object. At the same time he published an 
-aeootint of his discovery in two German astronomical periodicals, 
tte " Wochenschrift fur Astronomic" for March 27, 1878, and 
•SiriDB" for April 1878. 

Dr. Klein's announcement that a great black crater, about 
tbree miles in diameter, had suddenly made its appearance on 
tbe level plain to the north of Hyginus, where it formed as 
onspicuoiis an object as any in this region, instantly aroused 
the English selenographers. Every extant observation was 
namined, and every available drawing and map most cjtrefiilly 
ifigpeeted, but no trace of a crater of this description could be 
finmd in the position assigned to it by Dr. Klein. It was thus 
«rtain that none of our leading selenographers had ever seen such 
1 object, and this was justly regarded as tantamount to saying 
it could not have existed prior to 1876, for it was regarded as 
mposrible that such a crater could have existed, and have escapei^l 
being aeen by astronomers who had frequently observed very much 
imaller and far less conspicuous objects all around its place. It 
Was fiarther announced that Mr. Neison had repeatedly examined 
I this region between 1870 and 1876, and was certain tliat there 
1 did not exifit at tiiat period a great black crater three miles in 
I diameter, and as conspicuous as Hyginus, as tbe new object was 
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described by Dr. ICLeiu. JTot a, trace of such a era 
deteoted in any of tlio pbotograpbs, though this v 
than might be expected, for tltej do not show auoh 
the terminator where the crater wuiild be alone vie 
This coml»ned testimony va$ regarded by selenc 
eetsblishing for a certainty the fact that no such ci 
in this plnce prior to 1876. Hatl then the ap^^ata 
crater been established, and an instance of a n 
change decisiv'ely miido out ? Not i^uit«. It hat 
proved for a certjiinty that such n crat«r really did i 
That there was some olyecl in this region whi 
been seen before was rendervd certain by Dr. KLeii 
but was it an object which MiUd not have been over! 
it were really a great deep crater of the character d 
Dr. Klein, thea it was certain it oould not have been 
It most be new. But if it turned oat to be a m 
dqtrcKsioQ, or a mere dark spot, it was not likely t* 
overlooked, but it might ha\-ic been, and it would lie ii 
r^aid it aa beiue cv rtaiuly new. If it were merel 
w a soifaee man^^ing. or some small iacons]>ieuous 
then it might hax'e been overlooked. Which uf thee 
ita character? HeleniMrraphers aw^ted with im| 
oppoflunitT of witling this point bv making additio 
tktns. 

April, ^(ky, and .Ume came and went, but the wea 
un&voniable that nti observations <>f any importan 
TtaiAe in K&gland. Where the crater oo^t to I 
sMa a dark spi^ such as was described hj Dt. Kk 
his obwTX7tl.i<.ms were confimked, but tlie woaUier Inl 
this regi<.m being 9t<en at sunrise when akne tlie new 
to he seen as a enter. In t.}«nnasy» however, Dt, Kh 
to see tbe crater again at suniiap, asd be deacribed i 
Uwk crater of coosideanable siae and as o 
fftbtrriwetbeovotMnMMBsof his i 
a MNv wtwrtioWi 

Dwing tbtt mmmt aad aatumn of 1878, the m 
l iamui «o bad ttnt ao mitable obserratHia cf tte 
eoaM be obtained in England. A dtscamoo araae^ k 
Ifae qu^lMn, whether Has cnier of Dr. KleiB^ wai 
or not. it was pointed oat hjr scwne i 
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B3iiB> ontar oqght to ba, thece wen shown xme 
Mne daA «|>ots. 

8^ aito on o w B i laacm^ tint ««« «f these wtiito 
be Ottwapfoatd mmi ember, otibera thoogbt that one < 
vote «kB naUr Ike cntar. After tbw ident^ii^ 
h triBM priar tn 1676, it mm:" 
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1 be placed on tbe testimony of those who stated that tha, 
* could not have existed prior to 1876, or they would have 
it. In reply to these objections it was urged, that those 
a* shown in the photographs were not Dr. Klein's crater, 
were well known lunar markings. It was stated by 
liei^on that he had examined all these photographs, and 
in tbe true position of Dr. Klein's crater the photo- 
tm did not show a single object, and that the different dark 
light spot^ shown all round the place of the crater arose 
I well-known markings on the moon, all of which were 
rn on hia large map made from his oliservations prior to 
!. This statement was confirmed by Dr. Klein himself, 
the important addition that the new crater discovered by 
was always completely invisible when the illumination of 
moon was such as it was when these photographs were taken. 
It may be remarked, however, that this supposed visibility 
" ■. Klein's crater on the photographs is of little moment, even 
it possible to satisfactorily identify such an object on the 
togiaphe. The real point is this, that before 1876 no great 
I black crater was visible at sunrise in this part of the lunar 
ice, though if it bad existed it could not have escaped de- 
ion, whereas now according to Dr. Klein such a crater does 
t, and is visible. The fact of its being visible sometimes 
r sunrise as a dark spot, though of great interest, is of far 
moment, for there are known to be several such dark spots 
this region, and two or more might be confounded, and it 
lid be impossible to say that an ordinary small dark spot had 
ibeen risible in this region prior to 1876. 
)n October 3rd the new crater was seen by Herr Bonffay ; 
November 2nd the new object waa seen as a conspicuous 
ler-like depression by two English observers, Messrs. Band 
pron and Baxendell ; and since then it has been seen aa a 
b spot by several observers. There is, consequently, no 
ibt that there is some object in this position. Its real nature 
lot yet established. 

It is tmfortunate that when the crater has been very obliquely 
Dninated, and when alone its crateriforra character could be 
ertained, then ithaaonlybeen seen byobserverswho(with the 
Kption of Dr. Klein) are not accustomed to observe the moon, 
Ivho are not specially acquainted with this portion of the 
KT surface. There are several selenographers who ought to be 
roaghly acquainted with this portion of the moon, and who 
Id at once say whether this object of Dr. Klein's was a true 
t«r, which could not have been overlooked by them, or was a 
kU shallow inconspicuous object which might readily have es- 
I detection. The persistent bad weather, however, seems to 
hitherto prevented their seeing this region under suitable 
TOL. III. — NO. X. L 
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ifbiaaDSktifj^ tmd erjoseqneathr the tnat iHtaie of tfab lemuk- 
ohyncr, mnaii» to fae deCemtmecL Fvntlier fiifafiiMticMa, 
«, mfsit b« obUdned befiire & dedaoo an be arrived at 
wiMtiMT tfaiJi enter of Dr. Klem's is or if not a aew fiMrmatioD. 
Thf: ffr*al impoTtanoe of this quesdoo is too obvious to need 
besDg pointed out, for it would immenselj increase the impcMir 
ance of this l^ranch of astronomy, and at onee raise seknografdiy 
into one of the most important fields of astronomical research as 
it is abeadj fme of the most interesting. Let it once be estab- 
lished that great jAysical changes in the conformation of the 
moon are still in active ofpentumj and it would lead to the 
lunar surface being most assiduoudy studied. And as it has 
been well remarked by both the eminent seloiographer Madler 
and the distinguished geologist Phillips, there is little doubt 
that the careful study of the features presented by the lunar 
sur&ce would lead to most important discoveries being made as 
to the career, past, present and future, of not only our satellite 
the moon, but of its primary, the earth. 
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SHOULD ha' forgot it ; I should certainly ha' forgot it,'* 
T?as the exclamation of Mr. Samuel Weller on a well- 
3 occasion ; and it nas the same phenomenon which acted 
■ upon the mind of that distinguished character that recalled 
the recollection of the present writer an almost forgotten 
mtion to say a few words in pruise of the atiidy of Entomo- 
I fan havdly hope to produce anytliing at all equal to 
flowers of eloquence which bloomed in Mr. Weller'a 
fentine under the genial influence of " nine-perm 'orth of 
lody-and-water, luke ; " but the spring of the year seems to 
I B peculiarly appropriate season for tbe publication of a plea 
t entomology, a department of natural history the scientific 

rrtance of which seems hardly to be sufficiently recognised, 
I must truat to the good nature of the reader to forgive 
tj deficiencies that may be apparent in the present article 
der the comparison that I have so injudiciously provoked. 
It must be confessed that there were few indications of spring 
the weather at the time when the ahopwindowa this year 
iplayed those tempting absurdities which, we may presume, a 
M many people find pleasure in sending to each other, seeing 
■t their delivery leads to the practical result of a great in- 
Base in the postman's labour ; but, on the other hand, the 
latter to which I wish to direct the reader's attention has ita 
interest at all periods of tlie year, although there is, perhaps, a 
"pecial fitness at the present season in delivering a lectuie on 
rhe study of entomology. For while it is quite true that even 
in winter many exceedingly interesting insects are to be met 
with, generally by hunting them up in their places of conceal- 
ment among moss, under the bark of trees, under stones, and 
in other recondite places, it must be confessed that the ento- 
mologist's great harvest is to be reaped during the other three 
seasons of the year, and it is certainly advantageous for the I 

Atyim" to commence his researches at a time when the I 
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» piM* ii t^M ta the e««^ by 
L grodsd taetm <Owia6«u); |te; of dwt 
iMdf rario— gwf wfcieh depoMt their eggs intke d 
yfop «f t w » f » w > d csttle sre iccn Byiag iteadify tbroogh 
•If i on lbs nrihee of idll wmten tha «)iid^;ig4eetle is 
fnf bli nnjiUe cbcnlsr dance, whOe firam time totimetibe«tfai 
bwUM cune t\metly op, and, after ^^pljing tlinr laib far 
HHMMat to the nirfree, to atateh of air, pfonge down ^^m ill 
tlwdapUii; or the trater-boa.Uaan (yoionecta) hangs form An 
time ia a •tmilar pnoUJon. mth his long oor-like tegs o u t f iei 
r'tfly for otAioii (in tlit; least alxim ; aod even a few eari 
liijtt«rfli<», i,h'' IjKiutiful "Brimstone'" especiallv, flutter gwly 
tltriiti^li rlie ttir. On a fine day in b-pring or early summer tl» 
fiiUmuAttpift. perhapH of all men in this 6/08^ nineteenth centdiy 
ti'hUhkh loont fully the cliarm of old Izaak Walton's pastonl. 
KntjjniitKiKy "">)' "'^ improperly be denominated the modem 
" I'lmiifmpittiivi' Mun'M Kvcreation." 

1 1 i« miiieceMiary, und would lend me too far, to expatiate on the 
I iim'itI iihrniiint^Tiu of Mie iiimiuer and autumn — on the giicceesioD 
(if HOW C'lrmn which r«plnce or mingle with those of the spring- 
Mill, mid Urrnp the Jntereitt of the entomologist alive until 
i|iii(« 1h|« in the yonr. But there is one point which I would 
uTfii' Ilium ihp hoKinniir in the study of insects, and that is to 
yinld III thiit. in»tlncl. which ie sure to prompt him at first to 
nilli'ul. iitid |j;jiiii Moniu knowk^lgc of idl the forms which attract 
IiIh ulli-ntion, ln'fdro sittin^t down to the special investigation of 

mill Ill' ili'pnrl mont which is ulmost equally certain to he the 

iiwiilt uf hiN furtlior progress. It is only by this means that 
t lie l\ill Imuiitil of the utiidy which it is my desire to recommei ' 
to thfi rottdrr can W ohtAined. 

Il in, jH<rhnpN, hardly ni^MwiMary at this time of day to viii( 
t'lit* thr »Huiy of I'UtomoIo^, or indee<I of any branch 
«iH>loK,Vt fiiiiii lhf> i-liarj^c of W-iug merely the amusement 
t<out«<mpttti1y frivoloup minds. A ocntiuy ago such a n< 
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ne uncommon; and altliuugh some writers of that 
Uional] 7 touched upon subjects of natural history, thiii was 
rith a tone of conscious superioritj, which soundpi almost 
■ if the gentlemen in question felt that they were patrouising 
I Nature by condescending to take any notice of her productions. 
I Tbe entomologiBt, especially, vats always somewhat of an object 
I ofpity,& sort of harmless lunatic. Dr. Johnaon, we may fancy, 
I woalil place him just a step or two higher than that young man 
I aho was last beard of " running about town shooting cats " ; 
with others he was a virtuoso, and we ail know pretty well wliat 
I thai tenn indicated ; and eveo Itichardsoo, the mild idol of tbe 
I tea-lahle, refers to natural-history pursuits in a fashion wliich 
I nay i>e taken to indicate pretty clearly the estimation in which 
I tkejwere held in hie day. Lady G,, Sir Charles Grandison's 
I aster, writes of her husband : " He will give away to a vvrtuo80 
I his collection of moths and butterflies : I once, he re- 
Dtembered, rallied him upon them. ' And by what study,' 
thOQght I, ' wilt thou, honest man, supply their place ? If thou 
1 talent this way, pursue it ; since perhaps thou wilt not 
4liine in any other.' And tbe best of anything, you know, 
Harriet, carries with it the appearance of excellence. Nay, 
be would also part with his collection of shells, if I had no 
ubjection. ' To whom, my lord ? ' He had not resolved. ' Why, 
Uien, only as Emily is too little of a child, (!) or you might give 
tbfim to her.' He has taken my bint, and has pre- 
sented his collection of shells to Emily ; and they two are 
, (otually busied in admiring them ; the one strutting over the 
J beauties, in order to enhance tbe value of tbe present ; the other 
I outeeying ten times in a minute, to show her gratitude. Poor 
n t when his virtuoao friend has got his butterflies and moths, 
I am afraid he must set up a tiumer's shop for employment." 
There ! isn't the badinage delightful ? And, as if to point the . 
moral, "a fine set of Japan china with brown edges" is 
■poken of in the same letter in term^ of appreciation, although 
■ tbe fuflsinesH of my Lord G, in connection therewith receives a 
(rfjoke or two. The gentle, moral Richardson evidently thought 
mtomologists a somewhat contemptible race, as, at a later 
teriod, did that redoubtable satirist, " Peter Pindar," whose 
riptions of Sir Joseph Banks in pursuit of the " Emperor 
r Morocco," and boiling fleas to ascertain whether they were 
iobdters, are pretty well known. 

Xf we consider the origin of this contempt, which undoubtedly 

intil comparatively recent times did pursue the imfortunate 

[entomologist, we may pretty safely refer it to two causes,^ in 

Btbe first place, tbe ignomnce of all natural-history matters 

which must have prevailed in a society in which Oliver Gold- 

3 ahone as a naturalist ; and in the second to the fact, that 

moot of the entomologists of the time were reallv mere eollec- 



tors of insects as pretty thinpt, to whom, therefore, the I 
wrtttoao was peculiarly applicable. But the mere collecting « 
insects is surely at least as good as any other manifestation of tfa 
cacoethes colligendi which is wo general an aflection of humanity 
and which leads to the accumulation of hooks in good binding^ 
of coins and medals, old chioa, statues, and other works of e 
by people who have no true appreciation of tiieir value. Evei 
the making nf butterfly -pictures seems to be almost as int^ 
lectual an employment as the collecting of postag&«tampq 
which has been prosecuted with considerable zeal by a good 
many petiple in the present day. To this general ridicule wet 
must, I tbink, add, in the case of entomology, that the practical 
collecting of insects for amusement was looked upon as a sort a 
sport, and therefore contemptible, because the game was m 
small : just on the same principle that the quiet angler i 
l(K>ked down upon by those who love "the noyse of faoundyi 
the blastes of homys, and the scrye of foiilis, that bunt^ 
fawkenens, and fouler? make," according to Dame Julian 
Hemera. Although the marked feeling here alluded to ii 
happily extinct, it-s effects, no doubt, to some extent survive 
find it may ^^ due to them that professed zoologists at tlu 
present day unquestionably know less of insects than of an] 
other class of animals. 

Nowadays it will hardly he formally denied that all brancha 
of natural history are well worth studying ; and it is the objec 
of the present article to show that entomology, however it ma] 
have been maligned in the past, presents certain advantages b 
the intending student which may well give it in many cases) 
preference over other departments of zoology. It has alreaif 
been stated that entomolc^cal researches may be carried on a 
the year round, and it may be added that there is no locality ii 
which they cannot be piu^ued — a matter of no small < 
quence to that great majority whose connections or avocation 
tie them down more or less to one spot. Even in the heart a 
large cities some representatives of most of the orders of iui 
may be met with ; and suburban gardens, if at all favouislil 
placed, may furnish quite a large collection to those who n 
them systematically. The late Mr. James Francis Stephei 
used to relate that he had obtained over 2,000 species of inae 
in the littltr garden at the Lack of his house in Foiley F 
Kennington. Short exciursinns, which the custom of Satm 
half-holidays renders particularly easy, will enable the entomcJi 
gist who in condemned to a town life to have many opportuniti 
of adding to his stores both of specimens and of knowledge, 
whilst the r<?piclent in the country may find fresh objects of 
interest in whatever direction he turns. 

Further, the means of procuring these objects are very simpl! 
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and inexpensive. The student of marine zoology may be left 
out of the question, because a. seaside residence is more or less 
essential for his pursuits; but even he cannot do very much 
practically without dredging, which is a troublesome and expen- 
sive operation. On the other hand, the ornithologist must either 
buy his specimeuB, or drag his gun about with him wherever 
be goes, oo the chance of falling in with some desirable species ; 
the representatives of other classes of animals than birds and 
insects in inland situations in this country are too few to enable 
them to come into competition with the latter. The ento- 
mologist requires only a net or two and a few pillboxes and 
bottles, all of which he can carry in his pockets, to set him up 
in his pursuit ; and when he brings home hia prizes he wants 
only two or three papers of pins, a few pieces of cork, and a 
close-fitting box or two lined with cork, for the preparation and 
preservation of his specimens. No doubt, with his progress, the 
appliances made use of by the entomologist will increase in 
number and complexity; but theatudent of moetother branches 
of 20ol<^ must either skin and stuff his specimens or preserve 
them in spirit or some other fluid, and his collections will in 
consequence cost more and occupy much more space. 

As the characters upon which insects are classified are nearly 
all external — that is to say, derived from parts which may be 
investigated without destroying the specimens — their systematic 
study is very easily pursued, whilst their small size, by enabling 
a large number of species to be brought tcgether within a very 
limited space, aEFords peculiar facilities for the comparison of 
characters, and for the recognition of the agreements and differ- 
ences presented by the members of the same group. If the 
entomologist chooses to go further, and to investigate the 
anatomical structure of the objects of his study, their smallness 
may at first sight seem to be an obstacle in his way, but this is 
soon got over, and it then becomes an advantage, seeing that, 
owing to it, such researches may be carried on anywhere, without 
the necessity of devoting a special apartment to the purpose, 
which can hardly be dispensed with in the cane of vertebrate 
animals. Moreover, as the bard parts of insects are nearly all 
outside, their anatomy, which is perhaps the most interesting of 
all, may be studied with the greatest ease, and in fact the most 
instructive parts of the morphology of insects are those which it 
is essential for the student to know in order to understand their 
'■lass ificat ion. Thus, for example, the investigation of the structure 
<d the mouth in insects of different orders will give the student 
a clearer idea of the meaning of the term homology, and of the 
changes which the same parts may undergo in animals, than 
wuld be furnished him by any other eramples; and the series of 
modifications, occurring not only in the various types, but even 
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in the same mdJ\-idiia]s, at different stages of their derelopmeol, 
is most striking and instructive. 

Again, these developmental stages, the transformations ( 
metamorphoses of insects, some knowledge of which is alu 
necessary for the comprehension of the classification of these 
animals, furnish a study of aever-ceasing interest, partly for iU 
own sake, partly as giving the student a clear conception of the 
phenomena of metamorphosis, which plays so important a part ia 
other departments of zoology, and partly from the views which 
it opens up as to the natural history of insects and their complef 
relations to the world outside them. Here the parasitism of > 
man; insects in their preparatory stages may especially be cit^d, 
as affording an endless and naost instructive subject of investi- 
gation ; and the whole series of phenomena comprised in ttu 
life-history of insects affords an easily studied representation of 
the great system of checks and coimterehecks which pervada 
all nature in the destruction of herbivorous by camivoroui 
animals, of the latter by other carnivores, and of both by pan- 
sites. Indeed, no other class of animals exhibits these intei> 
relations and mutual reactions between different oi^^anisms so 
clearly and so multifariomly as the insects. Besides the ordinai]r 
division into herbivorous and carnivorous forms, we find manj 
of both series restricted to one particular article of diet, o 
nourishment derived from a very few species nearly allied ta 
each other ; in their modes of activity insects reproduce tho« 
of all other classes of animals, combined with a few peculiar to 
themselves ; the insidious phenomena of parasitism are displayed 
by them with a perfection of distinctness such as we meet with 
nowhere else; and their inBuence Is exerted in a thousand wayi. 
for the modification of other organisms with which they a» 
brought into contact. Thus, according to Mr. Darwin's theoiyj. 
which is adopted by a great many naturalists, the action rf 
insects is of the utmost importance in the fertilisation of ffovreiing 
plants, — nay, as an extension or corollary of this view, we f 
some who iire prepared to maintain that insects are the cauaed 
the development and beautiful coloration of flowers. All t" 
different aspects of the relations of insects to the world outa; 
them open up an infinity of paths for investigation, each ( 
them leading to most interesting and important results, an 
calling for an exertion of the powers of observation which, as I 
mere mental training, cannot but produce the most benelioi ' 
results. Moreover, so much remains to be done in most oftha 
Hclds of research, that almost every earnest worker may loo) 
forward to the probability of ascertaining some previously UD 
known facts of more or less importance — a hope which is no 
without its influence upon most minds. By the knowledge « 
the facts iniolved in the recognition of this general system tin 



'Shtouoloot. 

entomologist may often reader important services to the fanner 
and the gardener, and thus give a direct practical value to hia 
studies. Nearly every production of the field or the garden is 
subject to the attacks of insects, which, in case of their inordinate 
increase, may easily cause very great damage to the crops, or 
even destroy them altogether. In the face of such enemies the 
cnltivator is often quite helpless, and not unfrequenfly mistakes 
his friends for his foes, attributing the mischief produced by 
concealed enemies to more prominent forms, which are really 
doing their Ijest for his benefit. In such cases the entomologist 
may 8t«p in to the assistance of his neighbour, indicate to him 
the real cause of the damage, and in many instances the best 
remedy, and the beat time to employ it. 

The asserted influence of insect agency upon the forms and 
colours of flowers, referred to above, leads to other considerations 
which may serve to give additional importance to the study of 
entomology. For while it is believed that plants and flowers are 
modified by the unconscious influence of inaects, it is, on the 
other hand, at least equally certain that the insects will undergo 
modi li cat ions in their turn ; and there ae-ems to be some reason to 
believe that the great and biu-ning question as to the origin of 
jpecies, or distinct forms of animals and plants, by evolulioo — 
that is to say, the modification of organisms under the influence 
"f external causes, assisted hy the survival of those best adapted 
lo the prevailing conditions — will finally be fought out upon 
^■ntomoiogical grounds. In this re-spect the careful observation 
ud comparison of the insect-faunas of scattered islands of 
'Wmmon origin cannot but lead to most interesting results ; as 
«y, indeed, be seen from the brilliant researches of Mr, Wallace 
IfoD the butterflies of certain islands in the Eastern Archipelago, 
Jod from the elaborate investigations of the late Mr, Vernon 
Tfollaaton upon the beetles of the Atlantic islands. In the case 
*f the Cape Verde islands the last-mentioned distinguished ento- 
mologist, although a staunch anti-evolutionist, was compelled to 
sdniit that he did not believe all the closely related permanent 
forms which he felt himself compelled to describe as species 
feally owed their existence to distinct acts of creation. 

One of the most curious phenomena the full recognition of 
* which we owe to the promulgation of the doctrine of evolution 
w the mimicry or imitation by one organism of the general 
i^liaracters of another, or of some inanimate object, instances 
'l' which are tolerably numerous. Here again insects hold the 
"rat place. The subject was first approached in a philosophical 
manner by Mr. Bates, who found in the Valley of the Amazon 
*bole groups of butterflies which imitated most closely the form 
^nd coloration of other species belonging to quite a distinct sub- 
Inmily. Mr. Bates discovered that the imitated forms were 
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endowed with ceitjiiu properties which rendered them disagree 
able to insect ivoroiis birds, and hence concluded that thea 
mimetic reaembknces in general were acquired by a proce^ s 
selection for protective purposes. Many other instances of tl 
same kind have since been detected in various parts of the worl 
and they are by no means deficient even in this country. 

In the preceding rapid and very imperfect eketch I have a 
deavoured to indicate the more important of the m^nifbli 
pleasures and advantages which the study of entomology oSersb 
its votaries, even supposing tliem to pursue it as a mere a 
ment. But even in connection with this method of study it h 
been pointed out that certain philosophical notions will crop up, 
such as the homology of the parts of the mouth in biting a 
sucking insects, the phenomena of the metamorphoses and a 
parasitism, the close inter-relation of diverse organisms, and tb( 
question of the origin of species. The influence uf such studiet 
in training the mind to habits of observation such as involve tl 
elear appreciation of evidence has also been mentioned as a g 
aud important educational advantage. 

There is yet another side to the question. In these days ol 
competitive and other examinations, and of wide-spread science 
reaching, great numbers of students learn more or leas of «" 
is called zoology from lectures and textrbooks, their object beiuK 
in most cases, perhaps, only to pass what they call an "exam. 
By this means a certain amount of morphological knowledge gebl 
crammed into their heads, but of the practical application (T^ 
this they are as innocent as the babe unborn. For the dtie com 
prehension even of the principles of zoology it is essential tba 
the student should possess something more than a mere booJB 
knowledge, often merely of structural details ; and an acquainl 
ance with those principles is becoming day by dny more ne« 
sary, as natural- history considerations are assuming a more a 
more prominent position in our general philosophy. How J 
this t<i he attained ? It is manifestly impossible for anyoD 
who does not devote himself entirely to zooli^cal pursuits I 
make himself practically acquainted with the whole anin 
kingdom ; he must perforce confine his attention more or leas t 
some special group, and extend the knowledge of the principlf 
and method of zoology thus acquired to the formation i 
general conception of the whole. I have already indicated thai 
from the ease with which it is followed, and the total absence * 
restriction as to locality, the study of entomology presents specil 
advantages ; and in other respects, if pursued in no coal 
spirit, its influence on the mind of the student will be at lea 
equally beneficial with that of any other branch of natui 
hJBto^. - ^H 
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srdly matter of surprise that the exaggerated especta- 
I formed a few months ago as to the illuminating power 
icity should have been succeeded by a reaction ; and that 
acal value, from an estimate that was clearly excegeive, 
liave fallen in public opinion to what is probably an 
unjuEt depreciation. Nor is it easy to acquit its undia- 
Ijng advocates of ulterior designs, which were to a great 
iGcomplished in the remarkable, unreasoning, and panio- 
resaion which occurred in the shares of gaa compunies. 
no stockjobbing element intruded itself, there may 
en in the excitement a trace of the grim humour bo 
ristic of Americans, which aims at securing credence for 
lent physically impossible by its grave and persistent 
I. It is not many years since the caustic temper of 
Jonathan was immensely tickled by the universal belief 
>lder coimtry that the Falls of Niagara bad tumbled 
md doubtless he laughed in hia sleeve, and chuckled 
I mask of imperturbability, at the pale, anxiouB faces of 
Btors and shareholders. At least one pennanent good 
e oome, at any rate, out of this temporary evil, in the 
I given to gas-lighting generally, and especially to the 
need for remedying the discreditable and burglar- 
[ing obscurity of our main thoroughfares, " More light, 
ght," in no metaphorical sense, is now the cry of the 
public ; and though the tyranny of monopoly, which, in 
of gas, as well as water and drainage, renders the English- 
(use anything hut his castle, will prf>bably press heavier 
r, it may at least be hoped that the gas companies, having 
heir hands, will for very shame continue to fiunish the 
tiore perfect system of street-lamps which they have 
soginated. 
Bg has conduced to these scientific viciasitudes so much 
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" It has long heexi known that if t«o ^etzi>4nagnel 
dectro-magDet and a pennuieni magnet, be drawn afMit 
caoKd to paas hy each other, electric curmts will be set iq^ 
the helix of the electn>-maguet. It has also been known tl 
vibratJlig bodies, mefa as a tosing-fork or a reed, can be ke]lt 
fibrstion by the exerci^ of but little power. I awl mjmS 
the«e two knoim forces and combine tbem in each a maoner 
obboio a powerful electric current by tbe expenditure of a 
mechanical force. In fig. 1 of the drawing a tuning-fork, a 8,1 
represented as firmly attached to a staud, 6 2. This fork is pK 
ferably of two prongs, but only one might be employed, upon tl 
principlt; of a musical reed. The vibrating bar or fork may 1 
2 m^rcs long, more or less, and heavy in proportion. It has! 
regtilOir rate of vibration, like a tuning-fork, and the mechanifii 
Uiat keeps it in vibration is to move in harmony. A crank ao 
revolving shaft, or other suitable mechanism, may be emplo^ 
but I prefer a small air, gas, or water engine, applied to each eq 
of the fork. The cylinder a 1 contains a piston and a rod Hi 
that is connected to the end of tlie bar, and ?team, gas, watQ 
or other fluid under pressure acts within the cylinder, being 
admitted first to one side of the piston and then the other by j 
anitable valve ; the valve and directing rod c 2 are shown for tn 
purpose. The bar of fork a 2 maybe a permanent magnet or' 
electro-m^pet, or else it is provided with permanentor elecbt) 
magnets. I have shown an electro-magnet,cl,uponeaebpn]| 
of the fork- — there may be two or more on each — ami opposed ' 
these are the cores of the electro-magneto d. Hence as the ^ 
is vibrated a ciurent is set up in the belix of each electB 
magnet d in one direction as the cores approach cnch other, 
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ite directioD as they recede. This alternate current 

for electric lights, but if it is desired to convert the 

into one of continuity in the same direction a commu- 

employed, operated by the vibrations of the fork, to change 

circuit connections at each vibration, and thereby make 

pulsatioDB continuous on the line of one polarity. A portion 

tihe current thus genei-ated may past^ through the helixes of 

electro-magnetjt c 1 to intensify the same to the maximum 

;t, and the remainder of the ciirrent is employed for any 

■ed electrical operation wherever available. I, however, use 

Eame, especially with my electric lights, but I remark that 

icity for such lights may be developed by any suitable 

itus. I have represented commutator springs or levers, 

3, c 4, operated by rods that slide through the levers <; 3, c 4, and 

by friction move them. When the prongs « 2, (i 2 are moving 

fr-im each other the contact of levers c3, c4 will be with the 

KTews40, 41,and thecurrentwilt befrom line 1 through cl toe, 

thence to c 3 to 41 , 43, and to circuit of electro-magnets li, d, and 

&t>m d, d by 42 to 40, e 4, and line as indicated by the arrows. 

VTheu the prongs « 2. a 2 are vibrating towards each other the 

-^■■uit will be through cl, c, c3, 42, in the reverse direction 

mugh the circuit and magnets d, d, Ijack to 43, and by c 4 to- 

(Jfow, the enormovw loss of power in a system of magnets in 
iflting motion will be evident to every student of mechanical 
as also its inferiority to the simple and regular function of 
on. Moreover, as is well remarked in the " Engineer," the 
iption that becaiise a tuning-fork vibrates with small ex- 
nditiire of power when free, it will do the same when moving 
a dense magnetic field, is not only gratuitous but demon- 
ibly false. Many other purely theoretical exceptions may b© 
ton to the machine, such as the bulk of the tnniug-fork used, 
I the impossibility of obtaining from it the necessary rapidity 
TlbratiOD. It is in the lamp, however, that the principal 
ncet centres, and this is now revealed, as had before been 
ftected, to depend on the incandescence of platinum or its 
pj^. The description given of it is as follows :— 
* Platinum and other materials that can only be fused at a very 
'0i temperature have been employed in electric lights ; but 
is risk of such light-giving substance melting under the 
ic energy. This portion of my invention relates to the 
ition of the electric current, so aa to prevent the same 
ling BO intense as to injure the incandescent material, 
cnirent regulation is primarily effected by the heat itself, 
is automatic. In fig. 2 I have shown the light-producing 
dj' ae a spiral, a, connected to the posts h r, and within the 
cyUnder g. This cylinder has a cap, ?, and stands upon a 






base, m, and for convenience & column, n, and Btand, a, of : 
suitable charattter, may be employed. Moet of llie other " 
are in the form of diagramB, to more cleaiiy represent the eia 
trical connections. I remark that it is preferable to have I: 
light within a case or globe, and that varioa^i materials ma; 
employed, such as alum-water, between concentric cylinder, 
lessen radiation, retain the heat, and leasen the electric ene:] 
required : or coloured or opalescent glass, or solutions 
reduce the refrangibility of the light, such as sulphate of quii 
may be employed to moderate the light, and the light 
either be in the atmosphere or in a vacuum. The mat^ 
that I have found especially adapted to use as light-giving 
stances are set forth hereafter. The electric circuit, fig. 
passes by line 1 to the post r,and by a wire to the lever/, th€ 
by the wire or rod fc, cap I, wire e, to the post C, through 
double spiral, a, to the poat i, and by a metallic connectios 
wire to the post nl and line 4, and so on through the elect 
circuit, and the light be developed in a. The rod ft willexp 
in proportion to the heat of the coil, or in proportion to the 1 
developed by the paemge of the current throtigh the fine win 
and, if the heat becomes dangeroTisly high, injury to the ap 
ratus is prevented by the expansion of rod tmoWng the 1bt< 
to close the circuit at i, and short circuit or shunt a portioil 
the current from the coil a, and reducing its temperature. "J 
operation is automatic, and forms the principal feature of 
invention, because it effectually preserves the apparatus fi 
injury. The current need not pass through the wire or ro< 
as the expansion thereof by the radiated heat from the coi 
will operate the lever /, as indicated in fig. 3, but the mo 
ment is not so prompt. It is to be understood that in all a 
the action of the abort circuit or shunt is momentarily to lea 
the current through the light-giving substance, and the circi 
closing devices play up and down at the contact point, mi 
taining uniformity of brilliancy of light." 

The use of incandescent sutratances for producing the elec 
light was patented as far back as 1841. The contrivance 
preventing fusion or softening is neat and ingenious, but far 
delicate for the rough purposes of ordinary illumination. { 
tain appendices to the principal claim, in the form of second 
batteries, hardly require detailed notice, as not touching 
main subject of the patent. The ultimate claims may be 
duced to the following: — (1) The combination with an eleo 
light of a thermal circiut-regidator, to leasen the electric 
in the light when the maximum intensity has been attai: 
^2) The combination with the electric light of a circuit-cloi 
lever, operated by heat from the electric current or from 
light, and a shunt or short circuit to divert the current. 
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ion thereof, from the light. (3) The coTobiDation with the 
ic light of a circuit-closer operated by heat, and serving tii 
I or less resietance in the circtiit. (4 ) The combiDa- 
an electric light of a diaphragm operated by the 
of a gas or fluid in proportion to the temperature of 
(5) The combination with a vibrating body similar 
tomng-fork of mechanism for maintaining the vibration, 
nagoets, cores and helices, wliereby a secondary current is 
op, 80 as to convert mechanical motion into electric force oi- 
reverse. (6) The combination with electric lights of means 
regulating the electric current in proportion to the heat 
Ived, 50 ae to prevent injury to the apparatus. 
The question, of course, remains whether this, which is the 
complete statement yet made, contains the whole of what 
Edison has to divulge. It has been somewhat hastily con- 
' that this is the pjitent on which he depends. But both 
caoses named above may conduce to the keeping lack of 
le important matter by way of a surprise. If, however, this 
lis complete utterance, there is ground for the disappoint- 
it very openly expressed in many quarters- 
It is remarkable that nothing is said about the subdivision of 
current, one of the points most insisted on in the earlier 
irt« of Mr. Edison's contrivances, nor of the mode of mea- 

tbe current, 
lother recent contrivance for producing light from eleo 
ity fells into the same category as Mr. Edison's, owing to H» 
_ ;nding on the principle of incandoBcence — viz., the Sawyer- 
Han patent — which deserves brief notice in this place. It is 
prodnced from a small pencil of carbon placed in a closed cham- 
ber, and separated from the conductors by three diaphragms. 
the conductors are of copper, shaped so as to have great ra<liating 
nrfcoe, and thus to prevent conduction downwards into the 
■echanism of the base. The whole is enclosed in a vessel 
tootaining nitrogen, with a provision for iixing any residual 
The wasting of the carbon by oxidation ia thus pr^ 
inted. To obviate the danger of crumbling or disintegration 
■ of (be carbon from sudden heating, an ingenious ' switch,' or 
ciffrent-diverter, is interposed, the mechanism of which ia far 
it)o complicated for description without diagrams. The greater 
put of the light is produced by a small part of the current, and 
ia this condition a very small increase materially enlarges the 
incaodeacence. The wires supplying the electricity may be con- 
Teniently run through existing gas-pipes, each lamp being 
np[died with a switch placed in the wall, so that by turning a 
htf the light h turned off or on. As long as the house is cod- 
BMted with the main it makes no ditlerence to the producer 
^MJwr the lights are on or off, since the resistance of the entirti 
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hoiiae-circuit must be overcome, A meter records the time 
e.icb lamp is on. The cost of lampii and switches will not, it i!^ 
ttiid, exceed that of gaa-fixturea. The meter is a clock with ui 
attachment to throw it* hands into connection when the li^Iit i' 
on. It does not measure the quantity of electricity parsing. 
but only the time the lamp is on. 

It is claimed that one horse-power will give hy the Sawjpi- 
Man Bjstem a light of thirty 5 it. gas-liurners per hour 
Where large power is employed the cost of steam, with eveij 
item included, is a>K>ut one cent per horse-power per hour. '~' 
cost of 150 feet of gas at New York prices is 41 cent^ J 
fortyfold dearer. Mr. Sawyer, however, does not rest his o 
ctdatiouE on price only, on account of the purity and superioii^ 
of the illumination. 

It would be diiBcult to furnish, in conclusion, a fair a 
ment of the varied success which has attended the use of tj 
illumination in I^ndon. Perhaps the best instance of a 
and pleasant dispersion has been in the burners long ago e 
tablished in front of the Gaiety Theatre, in the Strand, whi 
have of late been supplemented by an additional lamp in tl 
island for foot-passengers in the middle of the roadway. "" 
etfect, which, from the straight and level nature of the thonx 
fare, is well seen at a considerable distance on either aide, is 
powerful and agreeable, resembling strong moonlight. On tl 
other hand, the two lamps placed on the Holbom Viaduct Ian 
been a fiiihire from the first, and are now to be discontinued, ol 
account of the cost — seven times greater than that of gas. T 
technical mistake has evidently been committed here, as t] 
loud puffing of the portable engine in a neighbouring ( 
space is to any person acquainted with steam-power entiid 
incommensurable and excessive when compared with the Eeeul 
coloured and flickering beam of the two opal globes. Probatl| 
the lault is insiiSicient and long conductors, with defective il 
sulation. 

An excellent trial in a large confined space is that which b 
been established for the past month at the Albert Hall. Fl^ 
large lamps are placed in a ring round the centre of the d 
about fifteen or twenty feet below the velarium. At first tl 
were uncovered, and produced the usual unpleasant eSect J 
solid, heavy shadow ; but latterly they have been enclosed il 
canoe-shaped case of mtislin, which seems to diffuse withn 
materially diminishing the radiation. It must, however, I 
noted that at the concert in honour of the Duke of Connauf ' 
marriage one out of (he five went out about half-way t 
the concert, which lasted two hours and a half, but was s' 
Ciuently rekindled ; and another failed just after this e 
iared through the eveniog. The eGfect oaj 
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the Hall was startling — somewhat like powerful moonlight. The 
rendering of colour was very remarkable : both the blue sjiahee 
in which Mr. Bamby's sopranos and the red in which Jiia con- 
traltos severally invest themselves appearing with xmuaual 
brilliancy ; while, on the other liand, the tints of the faces and 
bands seemed to assume a cadaverous and rather ghastly ap- 
pearance. The general residt was not so agreeable as that pro- 
duced by the fine ring of star gaslights, set in action by an 
induction-coil, which usually renders the large Colosseum-like 
bterior one of tlie best and most evenly lighted in the 
metropolis. 

There iseems no reason for altering the opinion already ex- 
pressed in a former article, that the electric light, while in- 
valuable for exceptional cases, such as for lighthouses, military 
telegraphy, exploring, or for the masthead lights of large vesBeU 
in unknown and hostile waters, and even for stage effects and fes- 
tive occasions, is neither so pleasant, so safe, so steady, so siniple, 
or 80 manageable as the better forms of ordinary gas-lighting 
now universally adopted. 



I The following extract from the ' Times ' of the 22nd instant 
fl most opportunely to corroborate statements made in the 
bwe article. W. H. S. 

THE ELECTRIC LIGHT IN THK DNITKD STATES. 

Itii now known llmt Mr. Edison has failed in Iue eKpi'rimcnla, Tliu moat 
lie has ever jet nccompliahed has licen to maintEun 400 coileil iron wires. 

ikilAte of partial incandescence witli a t6-horae power steam -engiae. The 
|eet of thiH ex^icrimeot van to ascertain Ihe number of coils which could 
branght to a red heat in any given circuit. It is upon this eiperiment 
U Hr. Edison haaed his claim Ihat ho could maintain 20,000 lights burning 
Mone electrical station with a 600-hDtse power engine. The coneluaion 
■ •talladoos one, aa Hr, Edison now knows. Platinnm must be heated U> 
Kft degrees before it attains the intennily of incandescence which is re- 
tted for illumination, and when the metal is aa hot as that it is just on tlie 
■S* of melting. To prevent the lamp from melting, this inventor has used 
ngnlator oonHisting of a bar of metal througb which the current Mowed, 
Ud),wlien the current became too strong, SKpandcd and swilclied ofF a part 
Itha oureot, and thus saved the lamp. In practice this regulator lies failed 
iperform the service required of it. When the current becomes strong, ths 
MIntUQ burner melts in the twinkling of an eye, and the miscliief is done 
Ate the regulator can act. The inventor believed Ihat he could orercoma 
fapncticaldifncultj,bnthehasnot soocecded. His lamps have contimumj 
tlt«d, and he has been unable to keep them from doing so, and tlie rosidt ia 
■t there is great discour^emoat at Menlo Pack. There has been another 
Ocnlty, Fourtm>n out of Edison's sixteen applications for a patent at the 
'uhington Fbient OIBcc have been rcjcot«d. This impulsive man took vg-^ 
BBW SEIltES, VOL. III. — NO. X. M 
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the electric light last fall as an entirely new subject of experiment, am 
allowed himself to believe that he saw a way to make the light nseful whld 
others had never thought of ; but when he reached the Patent Office be dis 
covered that very nearly every idea which he had embodied in his applicatioD 
had either been covered by the patents of other inventors or was not patent 
able at all. This information is obtained from the Patent Office, and is on 
explanation of the discouragement which reigns at Menlo Park. There is n 
doubt that the Edison light would be a delightful resource for the illnmiDi 
tion of dwellings, if it could be depended upon. It floods a room as thoogi 
with golden sunlight — pure, brilliant, and mellow. But the inventor ha 
never yet been able to regulate his current so as to keep his lamps burning fo 
any length of time, and he has never ventured on a single public exhibition o 
it. The public have never seen so much as one of his lights yet. A favomec 
few who have been admitted to his laboratory at Menlo Park have beheld it- 
a single lamp, enclosed in a glass globe, beautiful as the light of the mozniqc 
star. But he has refused to let anyone inspect it closely, and has nern 
allowed the exhibition of it privately to last long. He has never been able t( 
depend upon its durability. His apparatus is as far from perfection as it eva 
was ; and, in fact, well-informed electricians in New York do not now belien 
that Mr. Edisen is even on the right line of experiment. 



EXPLANATION OF PLATE V. 



Fig. 1. Dynamo-electric machine, worked by means of a tuning-fork. 
„ 2. Upper portion of the lamp, showing, a, the spiral of platinum ooo- 
nected with the terminals, b and c, and enclosing A, the metal rod, 
which by expansion diverts the current, and prevents fusion of the 
incandescent wire. 
,, 3, Detached figure of the shunting apparatus. 




THE FER.^ NATURE OF THE LONDON PARKS. 
By J. E. HARTma, F.L.S., F.Z.8. 



THE extent and variety of aoimal life which may he found 
eiictiiig in the parks and gardens of London, notwith- 
(taodiiig the co-existence of many unfavourable conditions, is 
Toy rt-markable, and furnishes a curious illuatratiou of that 
"ittuggle for existence " which is being perpetually carried on. 
Bat by man alone, hut by all living things. 

In the midst of so densely populated a city as ours, where 
Die vegetation of the open spaces is being constantly trodden 
imder foot, or struggles upward with difficulty through an at- 
mosphere of smoke and sulphur, it would hardly be supposed 
Uiat any wild creatiu-e — unless the rook and the ubiqiiitoua 
tpuTon may be so tenned and excepted — could find either 
sufficient food or sufficient freedom from molestation to enable 
their existence. The inquisitive naturalist, however, well knows 
thst the caae is otherwise. 

It is, of course, many years since any of the larger /ero; naturce 
•ere to be found in the Ix>ndan park^, although many persons still 
living must remember the deer in Hyde Park ; and may have 
bad pointed out to them the places where the last otter was 
tpeared, and the last hare killed. 

Before considering the attractions which the parks at present 
>fford to the naturalist, it may be not uninteresting to glance 
briefly at their former condition. When, in exchange tor the 
priory of Hurley, in Berkshire, Henry the Eighth, iu 1 536, ac- 
<|i|ired from the monks of Westminster the manor of Hyde, the 
park, of larger dimensions than we now see it, was fenced in for the 
greater protection of the deer which were preserved there, and 
frwinently hunted. In that yejir a royal proclamation was 
i»ued, in which it was stated that "as the King's most Royal 
Majesty is desirous to liave the games of liare, partridge, 
pbeagaot, and heron preserved in and about the manor of his 
^^U||y4t Westminster, for his ovn disport and pastime, no 
^^Hhs the pain of imprisonment of their bodies, and further 
^^^^^■■t at bis Majesty's will and pleasure, is to presume to 
^^^^Knvk from the palace of Westminster to St. Giles' in 
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the Fields, and from thence to Islington, to our Ladyoftbt 
Oak, to Higbgate, to Homsey Park, and to Hamp«tead Heath." 
in several succeeding reigns Hyde Park served as a rojil 
hunting-ground. Edward the Sixth, while yet a boy, huDted 
there in 1 550 with the French Ambassadors, In 1 578, when Joho 
Casimir, Duke of Bavuria, paid a visit to Queen Eliitabetb, b 
stayed at Somerset House, and amused himself with huntiiif; 
at Hampton Court, and shooting in Hyde Park, wbeie it ii 
recorded that in February of that year " he killed a barrea 
doe with his pece from amongst ccc other deere." • 

The Queen herself used evidently to witness the sport, if she 
did not actually take port in it, as she did elsewhere,! for in 
the accounts of the Board of Works for the year 1582 is ti 
entry of a payment " for making of two new standings in Marj- 
bono and Hyde Park for the Queen's Majesty and the noblemen 
of France to see the hunting." It is to these, probably, that 
Norden, the topographer, alludes when describing the place 
about this time. He writes : " Hyde Park, substantially im- 
payled, with a fayre lodge, and princelye standes therein. It a 
a stately parke, and full of fayre game." J 

James the First continued to preserve the game here mtb 
great strictness; and in Uctober 1619 some deer-stealers w«e 
executed at Hyde Park Gate, and with them a poor labouiOi 
whom they had hired for la. id. to hold their dogs.§ 

In January 1625, a warrant was sent to the keeper of Hyde 
Park to cause three brace of bucks to be taken to Marjbou 
Park, to supply the scarcity caused by the great rain there; 
and another warrant to the master of the foils, for the toils to 
he sent to Hyde Park for the purpose. || 

St. James's Park, which, prior to the time of Henry the Eighth. 
was little better than a marshy field, was in his reign euclosed 
and stocked with deer. 

There were no less than eleven ponds tiere in Jami 
First's time. These were turned to account by Ijeing stocked 
with fish and waterfowl, and the park was then much improved 
and ornamented with walks and fountains. The part of tho 
park now called the Enclosure was staked off from the walks by 
Charles the Second for the purpose of protecting the deer and 
other animals of which he was very fond. 

The collection of waterfowl maintained by Charles the Second 
in St. James's Park must be familiar to all who have read tliS^ 

• Lodge's "Illiiatmtioiw of Brilieli Hifllorj,'' 1791, vol. ii. p. 206, 
t Letter frnni Rowland White to Sir Rolirt Sidney, dated September IS. 
1600; and Nichols' "ProrreMes, &c, of Queen Elizabeth," vol. ilL p. 90. 
J Norden, " Surrey of MiddJeMX and nertfordBhire," 1590, p, IB, 
5 Calendar of Stale Papers, Domestic Series, 1010-23, p. 88. 
II Ibid,, 1633-25, p. 445. — 



H direrting pagea of Evelyn and Pepys. The park at Ihis time, 
H Mjs Evelyn, was " Bfored with niiineroua flocks of several sorts of 
H oriinary and estraordinary wild-fowl, breeding about the decoy, 
H wbich, for being bo near a city, and among such ii concourse of 
H soldiersand people, is a singular and diverting thing." ' 

■ In William the Third's time a proclamation was issued for the 

■ preservation of game "within ten miles of the Court of White- 
I hail and the precincts thereof." This proclamation, which was 
K published in the " London Gazette," in October 1 690, forbade 
H the keeping of •' a fowling-piece, gun, setting dog, net, trammel, 
H or other unlawful engine," by any person " other than such as 
H shall be by law qualified ; " and such as gave information con- 

■ ceming offenders to John Weblie, living in St. James's Park, 

■ "ere to be rewarded. 

■ Grosley, in his " Tour to London," 1772, especially notices the 

■ deer in St. James's Park, and remarks that " in that part 

■ nearest Westminster nature appears in all its rustic simplicity 

■ —a meadow regularly intersected and watered by canals, and 
W with willows and poplars without any regard to order." 

Deer were to be seen in Kensington Gardens for some time 
fifter the commencement of the present century, and remained in 
Hyde Park until the year of the Queen's coronation when, a great 
&ir being held there for some days, they were removed to Bushey, 
and never replaced. 

The last wolf is thought to liave been killed in England 
dining the reign of Henry the Seventh, at which period this 
animal had become so extremely scarce as to lie confined to a few 
of the wilder and more remote districts in the North of England.f 

Its extinction in the neighbourhood of London dates some 
<^*nturies earlier, and we are happily unable to include it in our 
present list. But there is a story on record of a wolf at large in 
St. James's Park, which may be appropriately quoted here. 

In 1739,near the Vineyard, in St. James's Park, lived a gentle- 
laoan who kept a wolf. One night in January in that year the 
animal broke loose and found its way into the park. The first 
liunian being he saw, early in the morning, was a milkman, 
«t whom he flew furiously. The man set down his pails and 
ixwk to his heels ; and as the milk was apparently more tempting 
to the wolf than the milkman, he Ijegan at once to drink it, 
Coring which time the man escaped. The animal having thus 
re&eshed himself, and espying a, calf at a little distance, imme- 
■diately killed and partly devoured it ; but fortunately while thus 
engaged he was found by his keeper and recaptured before be could 
do any further mischief.^ 

• Eveljn'B Diary, February I), 16ftt-6. 

t Sob "Pop. Sd. Review/' 1878, p. 160. 

J Lnrwood, " London Pdrlta," vol. ii. pp. 175-(!, 
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The fox ^ a. lurker in the London parku siirnverl to a com- 
paratively recent date. So late as the end of the last century 
a good many were still to be found in Hyde Park, and tie 
Hanger used to carry a gun in his walks for the purpose of 
ahooting them whenever he had a chance. There is extant a 
minute of the Board of Green Cloth, dated in 1798, granting a 
pension of 181. to Sarah Gray, in compensation for the loss of 
her husband, who had been accidentally shot by one of the 
keepers whilst they were hunting for foxea in Kensington 
Gardens." These animals were but the natural attendants 
upon the hares and pheasants which existed in the parks at 
that date. When game was no longer preserved there, and 
henroosts were not at hand, the foxes must have left their 
quarters there, or starved. The Ranger's gun probably hastened 
their extinction by a few years only. 

So long as the parks were on tlie outskirts of London so long 
was there a chance of accession to the number of ferw natura 
within their precincts from the country beyond ; but fo soon as 
houses crept up to and surrounded the parks, and the latter 
became more and more resorted to by the public, the impoosi- 
bility of preserving the game became apparent, and the attwnpt- 
waa abandoned. 

A curious bare himt took place in Hyde Park in Octobei" 
1809, and resulted in the death of what was, perhaps, the last^ 
hare killed in that park. At that time, and for many 
afterwards, there were only a few detached houses nortii 
the Usbridge Koad, an alehouse or two by the roadside, and. 
farther on, two little hamlets in the midst of the fields — viz., 
Craven Hill and Westhourne Green — for Paddington was ther 
limited to a row of houses along the Edgware Road. A haw 
having found her way into Hyde Park from the adjoining 
country, was suddenly discovered on the open space hetweei 
the Barracks and the Serpentine ; and as soon as she wai 
started all ranks joined in the chase. Poor Puss, finding 
retreat impossible, took to the Serpentine and swam rapidl] 
But the alarm having spread to the other side, befon 
she could land numbers were waiting ready to receive her. A 
length, being afraid to attempt a landing, and almost exhaust 
by terror and fatigue, she seemed to be drowning, when a boj 
jumped into the water and seized her. A gentleman immedi- 
ately released her from her pain by killing her, aud, giving thi 
boy a crown, carried away the prize. 

For some years after this, the Regent's Park — then private 
royal property — held plenty of hares:, and between 1824-88 
coursing matches used to be held there. 

The marshy pools in Hyde Park which once occupied the site 
■ Smith, " Hifltorical RecoUMtiotis of Hyde Park," 1830, p. 89. 
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of the Serpent] DC, and afforded sanctuary to the herons which 
Henry the Eighth was at such pains to protect, were at one 
time the baunt of otters. These ammals would find their way 
up the two small streams which entered London from the west 
and Dorth-west, viz., the West Bourne and the Eye Bourne 
(Tyburn;; and, remaining concealed by day, would find their 
food at night amongst the coar^ fish which tenanted the pools. 
Sut when, in 1730, all the ponds were united into the hand- 
Bme piece of water called the Serpentine, the streams covered 
in, and the ground cleared and made more ornamental, the home 
of the otter was destroyed. For some years afterwards, however, 
I stray one seems now and then to have reappeared, but only to 
meet with that reception from a crowd which, prompted by 
thoughtlessness and inhumanity, is usually accorded to strange 
inimals. 

During the summer of 1 739 a large dog otter took up its 
thode in St. James's Park, and there made tree with his 
Uajesty's fish. For a long time it escaped all the gins and 
mares laid for it : but at length its death being resolved on, a 
Jugular otter-hunt was organised, at the desire of the Earl of 
** :, who was then Ranger, and Sir Robert Walpole's pack of 
r-hounds was borrowed for the occasion. The otter had 
iken shelter on Duck Island, but was soon driren into the 
Kiat, and was closely pressed by the hounds at his frequent 
^venting," though sometimes he dived half the length of the 
inal which surrounded Duck Island. After a long chase he 
)ft the water, and attempted to run to the great canal, but 
efore he reached it he was speared by Mr. Smith, the himtsman 
f the pack. Thia imprecedented otter-hunt took place in the 
resence of his Royal Highness tbe Duke of Cumberland, the 
^I of Eases, and several other noblemen, who, armed with 
lears, all took an active part in the sport. According to the 
Mpera of the day, the animal measured five feet in length. 

But although so many years have elapsed since this incident 
Bcurred, it is by no means the latest date at which the otter 
B8 been met with in the neighbourhood of London, if not 
Btually in a London park. In March 1829 a young otter, 
bout eight months old, was killed at Kilbum in a field which 
t now the site of the railway station. In the autumn of 1831 
I ott«r haunted the Brent, where the head of Kingsbury 
sservoir now ia. The reservoir was not then formed, and at 
lat particular spot was a famous bed of flags, well calculated to 
ifford shelter to sucli an aninaal. About the end of September 
ir beginning of October in that year this animal was shot. A 
hird otter was neen for several months during the latter part, of 
1847 about the brook between Hendon and Edgware, and was 
Kveral times hunted by the harriers of Mr. Dancer, of Kenton, 
liut never killed ' " 'irth, whicb was described as a very fine 
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large animal, was observed early one morning, by a polieemwi 
on duty, crossing the park belonging to Lord Mansfield, at 
Hampstead, and making for the water. It was subsequently 
seen by several other persons, some of whom, known tothe writs, 
laid in wait to try and shi.tot it, but without aucces)*. This wu 
in the spring of 18o5. 

But perhaps the most extraordinary capture of an otter in. 
London was that which was made in 1 863. Ou March 25, ' 
that year, as a coachman was proceeding at daybreak along 
Aberdeen Place, leading from Maida Hill to St. John's Wood, 
be observed an ott«r trotting along close to the wall, and over- 
taking it, eucceeded by repeated kicks with his heavy boots in 
killing it. It was then taken to Mr. Gardner, of Holbom, ' 
preservation, where the writer saw it on the foUowiufj day. It 
a yomig animal, of very moderate dimensions; and if it had not 
escaped from confinement, its appearance in such a place cat 
only be accounted for by supposing that it had come up theCana 
to Maida Hill; and being unwilling to keep to the water through 
the tunnel, was following its course above ground, and if ur 
molested would probably have entered the Canal again in tl 
Kegent's Park. 

It is doubtful whether the squirrel was ever an inhabitant 
the liOndon parks, no record of its appearance there being e 
tant, although, from its having been met with in the woods 
Hampstead, Highgate, and Homsey, it is not imiikely that i 
was at one time common enough on the north side of Londoi 
In all probability the park trees, although affording shelti 
enough to screen these little animals from observation, won! 
not supply sufficient food suited to their requirements. 

During the long summer evenings, bats may not unfrequemti 
be observed on the wing, not only in the parks, but even in " 
London streets. At least four species have been ideiititied, c 
Bpicuous amongst which is the great noctule — the VespertUi 
altivolana of Gilbert White — which has frequently been o1 
served in Kensington Gardens. We have on several occaslol 
seen the , pipistrelle on the wing in Oxford Street — sometiini 
quite early in the afternoon ; and we once examined a specim< 
of Natterer'fi bat which was caught in Thayer Street, Manchestf 
Square. The fourth speciea referred to is the long-eared ba 
which, nest to the pipistrelle, is perhaps the commonest speoii 
of all. 

From the present aspect and condition of the parks it 
evident, as might be expected, that the majority of the 
fercE natune belong to tlie feathered rather than to the fou 
footed tribes; and the number of birds, both resident ai 
migratory, which may be detected there by a good observer 
sot a little remarkable. 

Although the days have long since gone by when kites ua 
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'jt carry off the offal from th« streets of London, and build 
Iheir nests in Hyde Park and in the ctiunps of trees in flray's 
[no, one of these birds was observed no longer ago than 18<59 
passing over Piccadilly.* Almoat the only birdB of prey still to be 
teen ciccasionidly about London are sparrow-hawks and kestrels. 
rhe former are sometimes taken in the act of dashing at cage- 
iiiida when hung up near a window, three or four such instances 
uving come to the writ*i's knowledge. In April 1871 a pair 
)f kestrels had a nest in the cable attached to the anchor of the 
Twil hero on the summit of the column in Trafalgar Stpiare. 

Tie have more than once observed a peregrine falcon pajtsing' ( 
r London, where, there is reason to believe, these birds 
sionally make a temporary stay, frequenting tlie chiirch- 
<ap3 and roofs of public biiililings, attracted no doubt by the 
ligeons, which furnish them with many a meal, A pair f 
nany years frequented the top of St. Paul's, where it was aup- 
weed they had a nest. When the royal hawks were kept at i 
lie Mews, at Charing Cross, the "eyess" falcous were probably 
'flown at back" in Hyde Park, but on this point no contem- 
»rary writer gives any information.t 

Aubrey gives an anecdote related to him by Sir Edward 
iherbome, of a sparrow-hawk belonging to Charles the Second. 
'Not long before the death of that king," he says, "a sparrow- 
lawk escaped from the perch, and pitched on one of the iron 
rowns of the White Tower, and entangling its leaeh in the | 
Town, hung by the heels and died. Not long after, another ( 
lawk pitched on one of the crowns." This anecdote is given 
mier the bead of " Omens." X 

Perhaps the most ancient birds now in London are the rooks, ' 
lumerous colonies of which exist, not only in the parks, but in 
ther open spaces, and even in the gardens of private houses, 
lie history of these rookeries has lately been furnished in a 
ery entertaining article by Dr. Edward Hamilton,^ since 
'bich some additional details have been published by Professor 
lewton.ll 

The history of the rookery in the Temple Gardens is rather 
miuua. It is said to have been foimded in Queen Anne's time 

' See " The Zoologiat," 18S3, p, 0076. 

t The roval hnwhs were kept at Cliarinj,' Orosa during many reignB faccord- 
ig to Stow, from the time ot lUcbnrd II., in ia77), but tb^ were removed 
1 Henry VIII., wbo converted the Mewe into «table«. Tbe DBiue, how* 
rer, confirmed hj the laage of so long a period, remained to the building, 
though after the hawks were withdrawn it became inapplicflble. But 
lut in more curious, in more modem time.s, when tbe people of Londoa 
^n to build ranges of stablings at the liack of their streets and housai, 
It; christetied thara places "mewa,'' after the old stabling at OharingCrDM, 

] Aubrey's " Miscellftnies," 1696. (Ed- !''«. P- «>■) 

5 See " The Zoolomst," 1878, pp. 19.3-109, 

II "Tho Zoologist,'^ 1878, pp. 441-444| andYanell's " HiBtorj of Biitirfi i 
irds " {4th ed.). vol. ii. p. 290. * 




VOrCLAB ^nscK bxtuw. 

by Sir William Nortbej, who colonized tlw place witJi 
fnvD bis estate at Epsom. A boagb was cut from a tiee wit 
a nest cootainisg two youDg rooks and taken in an opt 
waggon from Epsom to tbe Temple, and fistii to a tree in ill 
gardens. The old birds followed their voung and fed theiD 
and they remained and bred there. The following jeta 
ma^rpie built her neet in the gardens : her eggs were take 
and those of a rook substituted, and in due couj^e were hatcht 
there.* 

That magpies formerly nested in St. James'a Park we leai 
from a story which has been preser^-ed to us from Charles ll 
First's time in connection with one of these birds. Amongst th 
numerous Frenchmen who Socked to this ooimtry in I(>38 ' 
the wake of Queen Henrietta Maria was a certain M. Souscu 
ri^re, who althou<rh a notorious cheat and gambler, bad eaa 
trived to ini^inuale himself into good society and came to Londo 
to recruit the health of his purse. He brought tennis-player 
lute-players, and singers with him, as be eaid, to amuse tb 
natives, and ere long gained large sums of money by gamblinj 
On one occasion, however, he was cleverly overreached. For 
long time be secretly practised to throw a tennis-ball into tb 
nest of a magpie in one of the trees in St. James's Park ; ' 
when he saw tbat he could manageit, he took a heavy bet with s 
unsuspecting gentleman that he would lodge a 1^ in the 
in a certain number of throws. Unfortunately for Soiiscarrii 
he bad lieen ohserved practising this trick by another gentl 
man, who, the day before the bet came off, filled tbe nest wil 
moss, so that the liall could not roll into it, and the Frenchmi 
lost hia wager, to the great amusement of all who were in tl 
secret -t 

The currion crow is occasionally observed in the London parii 
and we have more than onw seen the hooded or grey crow, 
winter, in the Uegent's Park*— generally engaged in robbing tJ 
ducks of their food. On the 8th and 9th of November, 187 
a hooded crow was seen feeding on the lawn of the Inner Temj 
Gardens. It flew from tree to tree, occasionally dropping on 
the grads, and was apparently not at all scared by the crowds 
people assembled on the Thames Embankment to see the Lo( 
Mayor on his return from Westminster. 

The jackdaw makes himself at home in Kensington Oardfl 
and Holland Park, living in boles in some of tbe old trees, " 
making excursions in all directions. His presence may t 
be detected when flying liomeward with tlie rooks by his smal 
size and sharper cry. 

* Tbii account wiv roiumunicnted to tbe writer by a son of the latci 
Svereat, who, in eonjiinclion with Mx. PowDftll, published, ""*" 

~"S6, A Ilbtoty or lipsoin. 

jtliUwood, "Londoii PArka," vol. Ji. p. 77. 






Amongst tbe old trees in Kensington Gardens both the greater 
d lesser spotted woodpeckers may be occasionally seen ; the- 
Her l)eing the commoner bird of the two, although the former 
been known to breed there. Both species have been noticed 
in the Regent's Park. 
To give any detailed account of the nimieroiis sinall birdfr 
liich have been observed to frequent the London parks and 
ideas at different seasons would carry us far beyond tlie limits' 

the present article." It must suffice if we refer briefly to 

Qe only of the more noteworthy. 

Amongst these the nightingale should, perhaps, stand first. 
fferal naturalists have detected its presence in summer in the- 
igent's Park ; and of late years a favourite resort of this bird 
i been the Flower Walk, in Keneiogton Gardens, whence its 
Unistakable notes have been poured forth in April and May 

numbers of delighted listeners. Skylarks sometimes visit 
_rde Park, where we have occasionally both seen and heard them. 
Few would expect to find in the great metropolis so sylvan a 
' B as the cuckoo, and yet this bird not only passes through 
on its way to and from its summer quarters, but occa- 
nally stays long enough to commit an egg to the care of 

le dupe of a foster-parent. In August 1870 we observed a 

koo in Lincoln's Ion Fields; and in August 1876, while 
«dng from Bedford Kow to Gray's Inn Square, we saw a 
ickoo fly across Gray's Inn Gardens and pass over Holbom in 
southerly direction. It was flying so low that it only just 

ired the tops of the houses. An observant friend, who pays 
iquent visits in the early morning to the Botanical Gardens, 
gent's Park, discovered that the reed warbler breeds there 
'eiy summer ; and in the neat of one of these birds, in 1872, he 
nad the egg of a cuckoo. The following summer he was much 
.terested in obsen-ing a young cuckoo sitting in the centre of 
growth of lirge herac'Ieums and being fed with caterpillars by 
lead warbler. At the lake in the same gardens the kingfisher 

eometimes seen, generally in autumn, and occasionally makes 

protracted stay. In August 1863 a kingfisher was seen fre- 
lently at the Ornamental \\'ater in the Regent's Park. 
Amongst the few observations of Gilbert White wliich relate 

birds in London is one which has reference to the house- 
Utin. He says ; ' I have not only seen them nesting in the 

* In the " Proceedings of tlie Zoological Society " for 18C3 (p. 159) will 
found a list, by Mr. Bardett, of do Inns than hfty-seren »pttciM uf bird» 
Jerred hy him in tiio Regent^s Purk ; aud Mr." F, D. Power, in the 
Eoolo^^ for 1865 (p. 9727), lias funiiahed anotlier list of twenty-four 
•"WB which be tiot»l as having occurred in a single squAre in London — 
en's Square, Bloom»bury. A resident of Orciy's Inn in the course of 
yean found that twenty difierent kinds of birae had been seen there bv 
, See "The Held," March 11, 1870. 
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Boroiigli, tut even in the Strand and Fleet Street; 
was obvious, from the dinginess of their aapect, that t 
feathers partook of the filth of that sooty atmosphere.' * Fur 
on he saj-s : ' In I^ondoD a party of swifts frequents the To 
playing and feeding over the ri^er, just below the bridge 
haunt some of the churches of the Borough next the fields^ 
do not venture, like the liouse-martin, into tbe close, croi 
part of the town/t 

A pair of ring-doves Dested for many years in an old trei 
the Green Park, where they were last observed in 1877. 

Early in July 1873 an immense fiock of swifts was obsei 
passing over Hyde Park to the westward, at a height of al 
a himdred yards from the ground. Il was estimated that ti 
must have been 1,500 or 2,000 of them — a most unusual 
gregation for this species. 

Bid space permit we might give particulars of the app 
ance of many uncommon birds (that is, uncommon for Ixinc 
which have alighted at various times in different parts of 
metropolis, and amongst which we should have to name 
partridge, quail, snipe, woodcock, and stork. 

Snipe and woodcock have- frequently been picked up, 
almost invariably in the vicinity of telegraph-wires, agi 
■which they must have flown when passing over the citj 
night. General Oglethorpe, who died in 1 785, and who was i 
ejdered the best shot of his day at birds on the wing, fFeqofl 
killed woodcocks, in company with his friend Carew Mildma] 
the groimd where Conduit Street now stands. 

During severe weatber strange wildfowl, such as pocba 
scaups, and coots, occasionally alight upon the lakes ia 
London parks ; and now and then a diver makes its appears 
We have observed the Kttle grebe upon the Round Pond 
Kensington Gardens ; and were not a little surprised one K 
mer to iind this bird nesting there, the nest, a floating, shai 
structure, being moored to some aquatic plants at a distance 1 
the shore. 

At the periods of migration in spring and autumu gulls 
terns occasionally visit the Serpentine, and never fail to att 
attention, from the contrast which their snow-white plnn 
presents with the surrounding landscape, 

To see all these and many other birds which we have 

med the observer should be astir early, ere the noise 

~c of a busy day drives them to concealment, or, it maj 
ive the neighbourhood. In these morning walks in fi 
8 curious how the eye and ear may be gladdened with r^ 
ite and sounds which few would expect to meet with in 

[ijt of a great city. 

• Letter XVI., to Dainos Baniiigton, 
^ Lett«T XXI., to Muifi. 
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THE STUDY OF BOCKS.' 

lA book well supplieB a viaat long felt by students of Petrology in this' 
eountiy. Several Tuluable text-books on the subject have within the 

i6w years been published on the CoDtinent, but Mr. Rutley's volume is 

Bnl purporting to alford elementaiy inattuction oo the study of rocks 
uA n( the microscope, which has appeared in the Enp'liah language. 
work is divided into two parta — ^Kudiments of Petrology, and 

BRptiTC Petrology. 

bginniug with a chapter nn methods of putrological research, the 
or proceeds to consider the ori^n of rock-masses and of the various 
sbances to which the earth's crust has been subjected, as well as the 
nl characters aod modes of occurrence both of eruptive and sedimentary 

minnte description is given of tbe appliances and metbods employed for 
preparation of eections suitable for microscopical examination, as well &• 
'm microscope and accessories best suited for this class of investigation, 
Mpter follows on the e.iami nation of the optical characters of thin 
ma of minerals ; and the first divimon of tbe work terminates with a 
. description of tbe principal rock-fonning minerals, including both* 
megascnpic aud microscopic characters. 

le second division, which is devoted to a description and classiHcatioiit 
16 Tarious eruptive and sedimentary ri.K'ks, affords evidence of much 
^b1 consideration, and furnishes a fair epitome of the present state of 
Suowledge of this subject. 

text is illustrated by a large number of woodcuts, which, althouglv 
nUborate, are always clear and effective. A few slight oversights of a 
Incident to alt first editions have been oly^erred, but the book is gene- 
ehaiicterised by clearness and accuracy. It will therefore be welcomed 
II who may wish to acquire a competent knowledge of Petrology, but 
I particularly by those unacquainted with German and French, in which 
gages all previously available works on tlus subject have been written. 
Dm its somewhat limited extent, certain subjects have of necessity 
red but small attention, although nothing of importance appears to 
been omitted. We therefore heartily recommend Mr. Rutiey's voluma 
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The Study of Rocks, an Elementary Text-book of Patroltwy." 
Bk Rutley, Esq., F.O.S., H.M. Geological Survey, Xioiidon : X«ngiiiani~ 



FOPELAR SCIENCE BBTIBW. 

to the student of Petrulo^, wha, m the author himself remarka, must h 
m mind that ha canoot become acquiuitted with thifl subject hy itadl 
alons, and that tlie work before him doea not preteod t 
systdmatic rudimentuy guide. 



WATTS'S DICTIONARY OF CHEMISTRY.— Third SoppLBinsr. 

THE present Supplement brings the jfeooml Record of Chemical Diawn 
down to the end of the year 1877, luid includes some of the W 
important discoveries of 1678. As, however, it comprise* an unusuaUylt 
interval of time, it has Iwen found necessary, in consequetice of its la 
siie, to publiflh it in Two Parts. 

The author achnowledjreB his obligations to Professor E, J. Mills, F.K 
for au article on Oumuladve ReaolutioD ; to Professor J, E. Thorpe, F.R 
for one on Flame ; and to Mr. R. Warrington, F.C.S., for arlieles on Fon 
trees and on Barley. 

Among the more important articles on Inorganic Chemistry are tl 
Alum, Anortbite, Antimony, Aiseoic, Barium, Bismuth, Boron, E 
Cadmium, Cffiuum and Rubidium, Cerite Metftls, Chlorine, Chit 
CbryHocolla, Clays, Cobalt, Copper and its Alloys, Corundum, Didyrmi 
Enstatite, and Felspars. 

The portion relating to Organic Chemistry comprehends artidd 
Acetamide, Acetic Acid, Araraonia derivatives of Acetone, Acrolein, A 
Alcohols, Anthracine, Alitarin, Beni^amide, Beniine, Benioic Acid, I 
Alcohols and Ethers, Chrysoi'dine, Cinchona, Cinchonine Group, Citric Al 
Cumene, Cyanamide Cvanates, Cyiuene, Diamenes, Dicooic Add, Dye Stii 
Ethers, and Fermentation. 

The article on Arsenic comprehends a list of the sulphur-salla of I 
metal which are produced when hydrosulpliidos are saturated with Utt 
pentaaulphide. Under the heading of Copper, the Hunt and l>nn| 
process for the wet extraction of that metal from its ores ia doMribed^ 
well as the employment of phosphorus in the process of coppur-refiiuiig. 

The methods used by Ilautfeuille for the production of artiScial crjsl 
of orthoclases and albite are given under the head of Felspar, as well I 
large number of receat analyses of the diFTereul members of this import 
mineral eroup. The views of Tschermak and Vom Rath ud the ouelu 
and those of DescloizeauT and Petersen ou the other, relative to 
constitution of the triclinic felspars, are concisely and clearly stated ; 
this article may be regarded aa affording a lucid summary of lbs |ra 
elate of our knowledge on this subject. 

The articles on Organic Chemistry have been prepared with the ou« 
exlumstiveaess for which Mr. Watld is so distiuguiabed ; vhils 
Warrington's article, of twentj'-flve pegas, on Foresl-trees ia a i 
monograph on that important and interesting subject 



lary of (Jhemwtrv an. 
Sciences." By Ilenry Watts, A.\., F.R.S., 4c. Third Snpplan 
Parti. London: Longmans, 1870. 



ANIMAL MORPHOLOGY.* 

three ye&ra ago Prof. MacsUater, of Dublin, publi^lied what wu 

intended lo be tbe first part of an introductioa to tbe Murpholofiy of 

Jb, in which he treated nf the InTertcbrnta, Themcoud pnrt, relndng 

VertebrateB, la now published, but ax an independt^nt wnrk, forming 

of the " Dublin Univetoity Press Series." It ie, we thiuk, lo be re- 

thftt this sort of separation should have been made between what 

have been the two Tolumee of one boo|[,but wepresnme thnt financial 

rationa have hnd some influcDce in leadiDg to the adoption of such a 

and if eo, wu miist not quarrel with the author □□ thia account. 

hofeuor ALacali^ter's preisent volume, like the former one, ie literally an 

~ urtion to the morphology and broader ciaasification of the animals of 

it treats: the haUts nf tbe animnls, their geographicftl distribution, 

Other matters relating to their nRtura! history, are almost wholly un- 

and thus the book, whilst admirably fitted for a student's text-hook, 

prove disappointing to anyone who mistatea it for a general treatise on 

b, however, as a student's text-bonk that the author intends his book to 

its rnison ietre is explained in tbe followiJig passage from his 

which he justifies tbe use of the word " Introduction" in ilu title, 

it seems, some reviewers have cavilled. " I remember when a 

It," he sa^^-a, " that I found tbe gap between most manuals then exist- 

d the monographic literature of zoolojiy to he so great, that, passing 

Ae first to tbe aecond was practically enteiing an unknown region ; 

ce in thia work I have tried to make each part aiiHiFiently coupie- 

to enable the student, who wishes for additional knowli'dge of any 

o pass from a general study of morpbology into tbe region of detail, 

. any great intermediate gap." 

quotation sufficiently explains the object Prof. Wncaliater hnd in 
writing this book, and in most respects he has well fulfilled it. 
r with a short atalemeut of tbe general characters common to all 
ite animals, he next indicates the characteristics of the two primary 
Acrania and Craniota, the former now represented only by that 
■creature the ^mpAioi'iM; and then proceeds to dpscribe the structural 
itions exhibited by the classes, orders, and subordinate groups recog- 
ir tbe moat recent writers on the dilTereut sections of vertebrates. 
ehusification ia carried as far as the families, of which, however, very 
'characters are given. 

jhout, eo far as we can judge, Prof. Mncalifter has ^ven an excel* 
tummary of the structural characters of nil the great groups of verte- 
animala, including in all cases tbe history of tlie development of the 
yoi, which occupieB so important a place in all recent morphological 
: The special groups founded for the reception of fossil forms are also 
dbed iu comaectieu with those including thi^ir existing allies. 

■ of course it would be easy tfl raise objectjons to some parts of 

An Introduction to tbe Systematic Zoology and Morphology of Vort«- 
Animale. By Alexander Macalister, M,D., &c. Sro. Dublin: 

IB, Foster, and Rggis. London : Longmans. 1878, 



P't76 POPttLAB 8CIBNCB RBTIS1 

tha ciMsiticatioD adopted by our nutbor, wkicb, u klrMil<|r 
founds upon the views put Corward bj the latest Trriters opno the did 
groups. Bat in a case to whif h the old proverb ■' so many men, W : 
miods " is peculiar!)' applicable, b) io^t upon suuh ubjevtiona won 
ftbeurd. For our o^fd port, we cannot help reginrdiD^ the E«tnbtisbiiM 
mghteen orders of Urds aa uitaeCBssarr, and as iaifkm(i absolute nil 
elups ; but the author liafl tlie- niitborit^ of Pnf. Huxley and other* a 
tide, and most not be blamed for adopting vhat is really the lendl 9 
analytical method of studying looli^y now prevalent, and due ta fht 
that the leading students of that seience have been for jeors becomingi 
and more pure anntomists and less zoologijta lu tlie broad sense of tlw i 
To the BoniB circumstanee it ia owing that Prof. Uocalister's work la 
-with technical terms in every line, a characteristie which was animadi 
upon rather severely, in conn^xioo with his former volume. Ths h 
however, that the Profeejor is hardly tho guilty party in this inslanea,' 
fbond the terms in use, proposed by men whose names bear authorily 
he in perhaps rather to bu praised Ihan Uamed for having Ufed and espt 
tliem for the benefit of hia readers. The fault lies with the inventois ol 
a multitude of terme, who eeem to forget, in the desire to inttnduci 
giwtest poemble precision into their descriptions of the structure of • 
group, that there are hundreds of other giMups equally deserving of 
treated in a similar fashion, and which, being actually so treated, give ■ 
a tamunology of the most fearful extent and diiGculty. If mattenj 
long in the present fashion we shall have to learn a new technical kq 
lex every group of animals. The thing haa already gone to a very coB 
able length, and as Prof. Macalister has clearly defined most of tbeaein 
morphological terms of art, hi»< use of theoi in the present book will 
Advantage to those wlio reallv wish to master the study of animal moiphi 
In this, as in his former volume, the author has adopted the pi 
printing details in small tvpe. It is illustrated with a few woodeut l 
and dingrams, which aid greatly in elucidating some of the more o1 
points to which the author has to refer; and b tolerably copoua 1 
geutmlly containing referencBS to the definitions of tacbnical temH 
CODuderably to the value of the volume, wliiob may be reconunendcJ 
Tery useful guide for the practical student. 



TItE ZOOLOGY OF ^aOTORIA.* 



BESIDES publishing the resulta of the geological and botA 
tions of the ciilony which have now been in progress for a. 
year?, the Government of Victoria seem resolved to do what they q 
the elucidation of its zoology, and accordingly Prof. McCoy has just bl 
out the first part of a work on tlus subject which promises to be of-l 
, interest and value. From his preface it appears that, with the i" 



• " Natural History of Victoria, Prodromus of the Zoology of Via 
or. Figures and Descriptions of Living Species of all Classes of th« Via 
indigenous .\niniaU." Decade I. l(y Frederick McCoy, 8to 
lOndon: Trubner& Co., and O. Robertson. 187a ' 



ing accurate representationa of those animals which readily undergo 
rtant changes after death, eveo whea prp^erred iu spirit, manj draw- 
■nd descriptions have been made from fresh riT living apeomeni M 
occurred ; and from these and other materials it ia proposed to 
li from time to time "decades" uf plates, with deecriptiTC letterpiMB, 
no particutar order, to be Bopplemented by a fiaal Kyetematic volume 
.Weh daea so soon as the inveetipitioD of its niembern inhalMtuiff the 
I can be approximately completed. 

B fint of these decades i.i now before us, atid we mu»t congratulatA 
McCoy upou the commencement of what will evidently be a work of 
importance, not only in the colony, but to taaturalift^ in all parts of the 
I. Poisonous anabes are bo rife in Australia, and the means of distill- 
ing them a matter of so much interest to the colonists, thai wa do 
vonder to find the first three platea in this decade occupied by species of 
'ite, which appear to rival their dreaded relative, the Indian cobra, in 
iruleoce of their venom. Three more plates are devoted to marine 
I namely, a sen hream (Chrj/iophn/g mittralu) and two fine species of 
rds. One of the latter (Lrpidalriffla roTjeMol, here correctly 6gured for 
r«t time, is very beautifully culoiured. The seventh pkte represents a 
It earthworm" (MfgotcUidr* nuitraiit), which is said to reach a length 
feet when extended tu the utmost. It agrees in it^ general character 
abils with the species with which wo are sufficiently familiar in this 
ly. On the eighth plate we find rep refutations of three species of 
I of the genus Aijaritta, in all stages of growth. These figiirea are of 
1 importance in the colony, as one of these luoths, although a native of 
ftlia, has token [o feed on the introduced grape-vines with such avidity 
cause very considerable damage. Plates )) and 10 show two butterflies 
\ ganiiB Pierii, with their trausfuimations. Full do^riptions of all the 
■AS an given, accompanied by a few remarks on the natural history of 

If the plates we must apeak in high terms of praise. The figures of the 
« well drawn, and printed in colours in a style which may well 
wonder that such work can be turned out in a place which waa a 
kwling wilderness not fifty years ago, Eiicb plale bvarij, besides the prin- 
Bpal figure or figures, representations iu outline or otherwise of those details 
*bich are of moat imporlatice for tho determination of the species, and alto- 
pther Prof. McCoy and his astdatants have evidently done their best to 
Uke the work a most valuable one. That they have been remarkably suo- 
nstfiil so far we need hardly say, but it is a. question whether any of na will 
fin to witneffl the completion of the work, if the entire Fauna of Victoria it 
take illustrated in a similar fashion. 
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PRACTICAL GEOLOGY.* 

DER the title of " Practical Geology," Mr. Harrison has added another 
work to the list of smaller manuak of geological science, one of the 
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oiijieettof v3K&aui&iJv:aeze*ierAovso Me fer ia—if Ae Wiiing' fccti 
of 9«okcT« Wha :&£« viev cite a.ziJi:r in cae fine Ane i fcai i ta i ii smB tte 
pmifuaskxi £:r :ii« iOMir. i>^ kinii :•: 49qa7isb» nqsind. tba mode of in- 
vettism&'iCi a ate S^d, izii ?2ie 3seci:<:«i of drteonadoB of locfa, — i rt ei 
bj tiheir micrjeerj^iekL ftxaai=*soc A^er auci e itt r Ao aataio of die oldot 
ioek«r toe i-^mancc^t, fircm ihir Ca^iaraii k> cite Beeent periody mo waeetmnij 
deacrnKii. E>A dtipter » cccipuet^ b. r<i^f. ond mrrtafrw m deermd leedaMe 
desscripdi'vc of lae o c c ur r t ucig. li:hrjli:-tfkal fcraetsre. fiviBOBB, and prindpil 
Hfe-foTna of the samta z»caeeii. v.i??UKr whh Inf oThMJow to tlwir eeoDonie 
httiinqsk tzd e'Ssct^ uyi-n. acnuirr. TorooziuHxt, the sobject-BiAtter is eoB- 
€Mtlj tKAZid. MLd tiii* HzzLk zat.^ win £>ywni o aeraoeoUe guide to tl» 
fptioloptti clAaes for wikxn it va^ nii^re effpedalhr intended. Some aligkfc 
eorrectfci&s maj be found zueoassAzy : uid the iUostzmdans would hare been. 
moTe iiutnattiTe if tbev hsd tuten n»nr cmrefnllT executed. 



THE - CHALLENGER^- VOYAGE.* 

AT the £m glAzice we were ixx:Iined to say of this book, ^ Here is anotlwr 
meMn^^hctoTT oatoome of the vovaje of the *' Challenger/ '^ the fint 
chapter or two seemed »> tame hndjfJMme. On reading farther, howoTcr, it 
appeared that this was due, in part at any rate, to the fact that the wind 
had been taken out of Mr. Moaelev s sails by & Wyrille Thomson* s prior 
publication, relating to the Toysee in the Atlantic, and perhaps in part to the 
fact that the author had not got tborooghly warmed up to his work, for he 
tells us in his preface that the greater part of his naiiatiTe waa written n 
board the ship, and '' sent home from the various parts touched at, in the 
form of a journal.** Later on, indeed immediately after the departure from 
the WeRt Indi&a, the author apparently takes a fresh start, and the remainder 
of his book is so good that, although we cannot quite endorse the opinion of 
some critics who place it on a level with the admirable *' Journal of Be- 
searches *^ of Charles Darwin, it may certainly be characterised as one of the 
be'st records of scientific travel that we possess. 

I>!avin^ the details of the dredgings and deep-sea soundings which consti- 
tuted the principal business of the '^ Challengei^s "^ voyage to other hands for 
description, Mr. Motley records the general incidents of the voyage, and his 
inipreHHionH of the localities visited, but intersperses these with many ex- 
ccc*dingly interesting and valuable observations on various subjects of natural 
hiritory. Among these scientific notes marine objects, of course, occupy a 
considerable space, but the authors remarks relate to a greater extent to the 
productions of the land, and as the ship in the course of her four years* 
wanderinps touched at a great number of out-of-the-way places, Mr. Moseley 
has be^'n enabled to make many valuable additions to our stock of natural 
hihtory infurraation. 



• " NoicH by a Naturalist on the * Challenger * : beinff an Account of 
Various Oljw^vations made during the Voyage of H.M.S. 'Challenger' 
round tli« World, in the years 1872-70." ByH. N. Moseley, M.A., F.K.S. 
Hvo. Ix)ndon : Macmillan. 1879. 



to the most importaDt of these, it may, however, be a qumtioii 

ter they relate to tiie xoolt^ of the sea or the laud, llie subjects of 

being the eea-biids and aeats. Upon the habits, and especial!; the 

g, of the noddies, frij^te-binls, pengiiios, gulls, iilhatrosaes, and other 

lids which occur in suck abundnnce on the almost inaccessible rocky 

« scattered over both oceans, Mr. Mosele; hna much to any, and his 

ptions of the " rookeries " inhabited by these birds ore particularly 

•tiiig and valuable. But where all ia bo good, it seems rather invidiuus 

^ct parte for sperial notice, and it will be almost sufficient to say in 

linl terms that wherever the ■' Challenger" went, Mr. Moaeley appears 

have kept both his cyee and his mind open and nctive, and that he has 

!D lingularly successful in transferring his thoughts and observations to 

Qpon a vast number of the subjecia here treated of, although they may 
n been dealt with by previous writers, our author's remarks and reason^ 
re poeseBB su ori^nality which givee them a apecial value of their own ; 
lilst in BOme cuses, aa in the account of th« curious genua Penpatut, and 
flwdeecriptian'of the hjdrozoan corals, the MilleporiSte and Stylasteridie, 
hreB us die results of his own original researches. The geological Htruc- 
■Of the localities visited comes in for a due share of attention, and in 
■aetion with thia department of science we find some valuable observa- 
■ionthe glaciation of such out-of-the-way spots as Heard Island and 
■ttelen's Land. An entire chapter, and a moat interesting ouo, ia devoted 
|bb author's observations among the antarctic ice, the phenomena pre- 
ited by which in its various floating forme are described in considerable 
taU and illustrated by a good many figurea. 

The above are the principal natural history tualters on which Mr. Moseley 
EOwses at any length ; but throughout his narrative we find scattered an 
Wtj of useful observatioua upon the Torioua interesting facte in zoology and 
Kf which struck bim during his long journey, both by land and sea, and 
Kncluding chapter is devoted to n special review of the phenomena of 
imtl Wid vegetable life at the surface of the ocean and in the deep sea as 
railed by the investigations of the scientitic ataff of the " Challenger." 
lis final chapter contains a great many philosophical refiectione on the facts 
(WTed,Biid may be regarded as giving an excellent summary of the present 
Kof our knowledge of pelagic and abyasal animals. At the same lime it 
^■that in some respects there are still elements of uitcertiunty in the 
H|ad obeerrations. Thus according to the generally accepted views 
Bis a snrface fauna and a deep sea fauna, but we hear of nothing btitween 
WL although Mr. Moaeley seems to think that the vast liiterveniog space 
fet wholly uninhabited, and suggests a method of ini'estigation which 
^d probably give novel and interesting results. On the other hand, we 
ffe the curious cotmected facta of the occurrence of brightly coloured 
pmisms, blind organisms, and others furnished vritb greatly developed 
(fans of vision. Why should these peculiarities occur? If thoasaumed 
« of the bottom be the cause of the blindness of some spcies, why 
A others be so well provided with eyes P for we cannot believe that thi 
jt organs would be developed, os Mr. Moseley suggasli", for the purpose 
B of the light emitted by phosphorescent animals, of whioh^ 
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r, we do not know that tbey «: 

It tlie Wtom of the deep ten. la it shNlntelf proved tint b 

ire re&Uy in perpetual daikneai, and that □ 



Besides recording iiie sdenliGc obaerrationf , Mr. Mosele; s i 

« pleannt and readable account of tbe terrestrial loolitiM Tiiit«d, d 

aataery, ucbjtectural and ioclal pecoliarities, and inbabitanle. Willi q 

f to the lB«t, indeed, our author has a good deal to say eepedall; in nh 

I Jsp«n (with which countr; and il« occupantf he awna peed 

dianned), and seTeral of the ialands of the Pacific. When we on 

that the course taken hy the " Chnllenfrer," after learinji; the taUtbtn- 

canied her by New Zenland, Toogatabu, the fljig, the New HehtiJM^ 

Uutuccas, the PhilipiuneB, New Guinea, the Admiralty Islacd4, Japu, 

Suidwieb lalanda, and Tahiti, and that nt all these localitiee Mr. SCm 

r htd, and made good use of, the opportunitj of ezaminiog ini 

I kUts, and maonen of the natives, the reader will eaailj undMstud I 

[ WMtertd throug-h his agTe««ble padres there is an immense amount of il' 

ion which will be welcome to the student of ojithropolo^. In Uet, 

J reelect, this book is one of the mo»t important cootrihutiona U t 

\ ■akntific literature that has appeared for a long time. The only ihi^ i 

T will rt^iret is that it is not rather more freelj i]lustnted;1 

eats, although ^nemllj good, are not numerous ; and tbet« an 

s, two iUustratJng antarctic Icebergs and pack ice, and the tl 

Mwing the track of the ship and the cantonrs of the st 



ANATOMY OF THE ELEPHANT.* 
R Uh) title of " Studies in Oompnrative Anatomy,'' Pro, 
t LanJs. hu commenced the publication of a series of n 
-> contain the results of souie personal 1 

Th« fir^t of these treated of the structure of ■ 
•kvD at tk* eroeodile, one of the most instructive subjects that ths ti 
cmM ««U k»v* Mloeted ; in the second, which is now before us, he di 
Ifcl iialiiiMjF nf Ihi liiifinn nl [ihniit, finin n ilnirrtirn if fi youngfemoleif 
Wm WHkt hj Un irilk tlie cooperation of Mr. F. Oreenwood. 
lli*Mtip<iui NhtM etpeeiallT to the muscles and other so(\ parts, it d 
ktHttSTfavraMgaMMUyaltnctiTeasthe former treatise; but as it contui 
k (n*M wUij new facts ud corrpctions or completions of the s 
ItMMr «iU1mc% it will be of ^TMt value to that increasing hody of compii 
live iMtn will 111 wbe do wt c»iw<ler that their study ought to be confined td 
tk« tMi*. T\e AieHCftoa of so huge a beast as an elephant is a wa 
K> HeaJl Wboitf: il ipp— n li> bam occupied the authors about three j 
Mtl Any woMWMHi » ftttwe diseoctora of large animals the adoption 4 
IW NHtl* -li fttMfn&m ewploTed by them, which is sufficiently deeciH 

rt^s'V 
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THE CHEMISTRY OF COMMON LIFE.* 
FESSOR Jobn5tou"e " ChemistrT of (.'oraraon Life " bus long been ad- 
anlageoualy known for tta umple and faniilinr melbod of introducing 
cliemical facta and rensoningB to the penTftl reader. Trenting, m this work 
does, of the air we brenthe ; we water we drink ; the soil we cultivnte ; tbe 
pUata we rear; tlie bread we eat; tbe beef we cook ; the bevemges we 
infuse: the sweets we extract; tbe liquors we ferment; tbe nurfotics we 
indulge in ; tbe odours we enjoy ; tbe emella we dinlike, &c., tuid concluding 
nitli a reeapitulfttory chapter upon tbe circulaliiin of matter, it poaaeasca 
fteftt bterest for all who are desirous of lenniing sometbing of tbe eliemical 
lad phTsicdl relations existing between tbemselvea nnd ibe world which 
ibej iuhaUt. 

ftTien, twentj-fiTB years ajo, ''The Cbemislry of Coninion Life" was 

bn published, an acquaintance with tbe ndvancing afience of the day was 

piieewed by a very limited number only, even nmong tbe educated clnaaea ; 

lad Pcofe^ur Jobnnton'a popular exposition of the fundamental principlt^ 

' redialing uur daily life laid opeu to tbe public n new world of intereat aud 

iiptculfttion. lo preparing the pte.ient ediiioji for tbapresa Professor Cburch 
liu fallowed tbe arrangement and method adopted in tbe original work.aud has 
uaie auch additions aud corrections only aa the progreaa of science luay have 
flDdamd necessary. He baa, however, iu the a^regnte contributed much 
■i^iial matter, as well as an entirely new chapter on tbe coloui-s we admire ; 
les which many of the new analyses, and particularly those of roots, are 
er wholly or entirely tbe results of hi.'* persona] inveatigations. 
The new chapter contains a notice of the red colouring matter of Mood, 
■Ow known aa kamaglMn, which contains iron, atid difTers from all other 
Mituenta of the body in various importunt particulots ; among the most 
Itrksble of which is ita property of absorbing gases. On ibis latter pecu- 
ktity depends one of tbe chief usea of tbe blood a^ a carrier of oxygen 

gighout tbe system. 
^ Another animal pigment, having a still more remarlinble composition 
n that of htemaglubin, and to wbich the name of turarin has been given, 
M,toma yeara mnce, discovered by tbe iiditor in the pinion-feathers of ten 
Fifeven different kinds of birda peculiar to Africa, and known as Touracous 
I Plantain-eaterB. About fifteen feathers in each wing prewnt patches 
ieh are almost entirely red, and a chemical examination of auch featheni 
im that they owe tins colour to a pigiuent containing about eight per 
t, of copper, BO bound up with tbe othur elements present as to be inca- 
k of removal by any treatment short of the destruction of the colouring 
ttei. The existence of an animal pigment fio rich in copper is an esceed- 
iJy curious and interesting fact, but one nf wbich the whole hixtory is still 
kbont being thoroughly understood. 

''Ihe black feathers of some birda. black human hair, and, pouibly. the 
certain mammals likewise contain b dark pigment capable of resist- 
Ig the action of tolerably atrong aulpburic acid. Sorby obtained one 

^' " Tbe Ciiemistry of Common life," by the lale Jamea II. W. Johnston, 
JEtfi.S. L. & G., Slc, a new edition brought down to tbe present timei . 
J Arthur Heriieit Church, M A., Oion. 8vo. Edinburgh and Londo 



gmn of ttua Bubetance from 100 grains of the feathers of tine 
and found it to crnitun citrbon 554, liydrosreo 4'26, nitrogen S'S, sad o 
gen SV85 per cent. TIub chapter tim fumisheB much valuable inforaui 
leUlive to the coIouriDg mutter of plastii, euch as leaf-greea or c^anpl 
&C., as well as with regard to the mora important of the coal-tar ptndi 
emplojed for dj'etti^ purposed. 

Although the present edition appears in the form of a single tolnini 
cootains b much larger amount of letter-press than former isiUBS ; ud 
jadJcioua additions and careful revisons Prnfe9»>r Ohioreh liaa sii( 
not onlyin bringing the information down to date, but also in doing, 
out in anj wnj changing the general system of the ori^nal work. 



UNITED STATES SCHVEi'S. 



IN our last number wo published an abatTOct of the Report of a 
of the National Academy of Sdences on the Consolidation of thsSurn; 
of the United .Statea. We do not know what action, if any, has been lata 
upon this document, but most certiunly the important Geological and O 
phieal Surveyof the Tei-ritories over which Dr. Hnyden so admirablj piwi 
shows no present si^us of any diminution of its actiTitj. Three etout oeOi 
-volumes which have reached ua since our last issue aeero to be ujtU 
rather than signs of decrepitude. 

The tenth annual report* describea the completion of the surrey of Cal 
rado and the adjacent tenitories, and includes treatises on the gM>log 
topography, archieology, and ethnology of that wonderful region. togMt 
with some notes by Prof. Lesquereux on cretaceous and tertiarir fosnl pin 
obtuned by the surrey in Colorado in 1877, and a catalogue by the n 
author of plants irom the abore formntiona in North America generally, n 
further, a report of Dr. Packard on insects affecting the cranbeny m ' 
pine. The catalogue of North American cretaceous and tertiary plants n 
be found especially useful. 

The geological portion of the work consists of a series of reports b 
geologists in charge of the different dlatricbi, completing the Oommenttl 
on the splendid atlas of Colorado noticed in our October number. 
usual in each report the structural geology nnd superficial formatian I 
the district ore very fully described, nnd the latter offers a soriee of the mfll 
extraordinary phenomena that are to be seen anywhere on the bee of dl 
earth. All these parts are illustrated with a great number of plates 1 
maps, sectiooH, and views. 

Of special reporla under the geological head we may mention Dr. Endlicll 
description of the eruptive rocks of Ooloradn, a must important coDtributk 
to OUT petrographica! knowledge ; and the same author's minerologiool repot 
which includes an alphabetical catalogue and systematic arrangement of V 



• " Tenth Annual Report of the United Slates Geological and Oeogii 
phical Surrey of the Territories, erobradng Colorado and parts of adiacM 
Territories, being a Report of Progress of the Ex^oratiou for the year 1878 
By F. V. Hayden, U.S. Geologist, liivo. Waehiugtor 
Printing Office, isra 




Ls MMCtoined to exist iu Oolonulo. The mining cApnbilitiea of the 

I ibtricts siurreyed nre mentioned in tlie geological reports. 

The topographical section contnioB the report of Mr. \. D. Wilson, tUe 

davl topographer, on the prinmrj triniigulation of Colorado, giving numj 

miareeling' paiticulnrs ns to the methods adopted -, apecial topographical 

ivjuiTla OB the White River and Yampa River diviaiona of the country ; and 

Ml. Henry Gannatt'a ri^port on the nrahle and paature lauds of Oolurado, 

which include! a general description of the phj-sical geography and cliioato 

oflhs region, beudes tlie account of the capahUities of dilTe-'ront parta of the 

00111107 f°^ agricultural and pastoral pursuits. 

As illuHtrations of tlieee twi> sections three of the large maps of the Colo- 

11 Atlas have been printed on thin pnper, ao as to he capable of folding 

i»,and appended to the volume — namely, the general geolopeal 

)f Coloiado, the economic map, aod the dminage map; and the addition 

HWthwe adds greatly to the value of the book. In fact, so conscious are the 

nple of Colorado of the importance of the labours of Dr. Ilayden and hts 

i that on January 14 last the General Assembly of that new state 

vote of thanks to them fur their co-operation in the completion of 

■ great work, on the ground that " the publication of the reports, tiens, 

IB of this survey form a collection inraluable alike for the advancc- 

■nt of science and the development of the mining- and agncultural interests 

Kde state." Those who are acquainted with the publications here referred 

llwill agree that this expres^on of gratitude is well deserved. 

The third sectiou of the volume, which is devoted to the archceology and 

F Nhnology of the region, will be studied with much interest. It includes 

I iwiiptioas by Mr. W. M. Holmes and Jlr. W. U. Jackson of a great 

ir of those extraordinary mins, towers, and cave-dwellings which have 

a lately discovered in such abundance in the far West, with details of 

r, picture-writings, stone implements, and other objects, manufactured 

If IIm former inhabitants of these valleys. These traces and relics of a race 

Bed away are exceedingly interesting; and the reader is asaiated 

In fenning a clear idea of them by a most liberal allowance of illustmtioiis, 

■JBttnding maps, ground-plans, views, and figures of manufactured articlea. 

•ay jneces of the pottery are of very elegant form or beautifully orna- 

Bntttd } others are ruder, or exceedingly grotesque, such aa the vessels in the 

a of Inids which ligure upon three or four of Mr. Jackson's plates, 

• In Chaco Caiion, North-western New Mexico, a human skull waa dis- 

mrsd " at a deptli of 14 feet beneath the surface, lying upon a stratum of 

n pottery.'' The soil overlying the skull ia described aa alluvial drift. 

^ W. J. HoSinau describes and figures this cranium, which he regards as 

ig belonged to a "cliff-dweller"; it presents a very great Battening of the 

IT part of the skull. Dr. Hoffman also communicates some ethno- 

'ic observations on Indians inhabiting Nevada, California, and Arigona, 

interesting particulars as to the manners and customs of the 

u tribes. 

U lefemng to Colorado, we have to notice the commencement of Dr. 
tt Ooues' " Birds of the Coloradii Valley,'" forming the eleventh volume 

' "Miscellaneous Publications, No. 11, Birda of the Colorado Valley, a 
I npoiitory of scientific and popular iuformation concerning North .Aniencaii 
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of the miscellaoeous pnblicalions of Dr- TIa;deii*a SurvfT. — Thu fint ft 
irhich contunit tlie descriptions of tlio Passerine birds rroia tlie thnubNtB 
the shrilieB (indiidiag warblers, tits, creepet« and wrens, larhs, wR^Uili, 
tanagets. swallows, wuYWtu^ and greenlets) occupies 665 padres, ni thai I| 
will eiisily be tiiidi^rstihvl tbnt the subject is trraittid in ftouit' detail ; id ficti 
the feelings suj^geslod to the Ilritiiih zoologist by the coDt^mplAtion of m\ 
a, book have n sli^lit tiu^e of envT in thum, seeing that he cad nevet hojwtt 
get an opportiinitj' of diaplnying to such advantage the results of bis ls~ 
Dr. Coues gives a detailed syuonvmy uf each species, followed iy m 
diagnosis and d description in English, and then indicates the geiwitJ 
natural history of the bird, and irdulgee in any critical remArlu that eaj 
occur to biiu. The latter arc often of considerable importance both n' 
r^;ard to genera and spedes. He also adds in many ca^es notices of ol 
American apeciea nearly allied to those inhabiting the district to which U 
work specially relates, and soiDetimes even tabulate? all the spede* oTl 
genus, a plan the adoption of which ia very useful in works on lo<»l ni 
history. The illustrations (seventy in number) consist iif woodcuts genendlj 
of heads and other itnportant ptwrls, and although not remarkable as woiT 
of art, are generally sufficiently charncteristic. 

Curiously enough, we find Dr. C'ouce revivirg the old question as lo tl 
hibernation of swallows which we had thought had been set at r«t longlg 
He does not indeed affirm his positive belief in their passing the winter, i 
alleged, buried in mud at the bottom of pond? and rirers, but ha 
that the occiu'reuce ot this phenomenon rests on as good evidence asm 
other things which are accepted aj facta in natural history, and that hia ni 
at any rate, ia o|ien to eouviclJon. He says, "I see no reason why BBwat 
should not stay awhile in the enud in a stale of suspended animatiiHi,< 
greatly lowered degree of vital activity. The thing is physically and pbynl 
iogicatly feasible ; il is in strict analogy with observed phenomena in tb 
of many other aniiuals ; and it is not more marvellous than eatalopsy, t 
and Heveral other conditions of life, the rationale of which is stilt obsnul 
The point from which the H priori argument against the bibenatiiiti I 
swallows in mud starts is, however, precisely the conviction Ibat toA 
phenomenon is no/ " physiol<igicalIy feasible"; and even Dr. Couoa " " 
adverts specially to the ditliculty of explaining "the suddenness of tl 
alleged transition from a high stsle of animation to a degree of lethargy,!! 
the abruplDes.1 with which the activity of the vital functions is stud to i 
orrested," His supposed anology drawn from the swiftn is really, i 
come to consider it, no Analogy at all ; and we do not actually know of H 
Irird Ibat has leeu proved to hibernate, hibernation being in reality (ifi ' 
at any rate) incompatible with the phywological constitution of birds, 
must be confe.'^ed, however, that in reviling this question. Dr. GoUM li 
done all iu lii!< pon er to fumish the means for its solution, in the shape ofi 
'J^borate biblioj-TSphy of the suhjecl eitending over nearly a doxoi p^ 
'""Onuthologicnl liibliogtnpby ni us I, indeed, occupy n considerable porlioii 
Dr, Coups' altentioii, for befddoe the piece above alluded ti 

Omithulogv." Bv Klliott Couea. Port I. 8vo. Washington: Gi 

'Anting Oilice, 1878. 



il IribUognpliy of the waxwinga (genus Amptlit, Iodd.), and these are 
■d to be only portions of ii great BiliUograpliy of Ornithology not yet 
irieted, but of nfaieb one section, namely that Bhowinja' " tbe North 
nieac aectioii of the ' I'liiuial Publimtioiia ' aeries, including titles oud 
■ti of Torkd and papers relntiog solely to birde of North America indis- 
nnat^y, collectively, or in general,'' is published in advance as on appen- 
to Uie present volnme. When we i>ny that this portion relating solely 
nrics and memoirs 3ii the general avifauna of North America, or con- 
ing DOlicee of Inrds not confined to any particular group, occupies nearly 
iptges, some idea may be formed of tbe labour which tlie compilation of 
wbole roust have entailed upon the author. Tbe titles of the works here 
■nrnnged in order of date, but to facilitate reference tbe list is provided 
htwo alphabetical indexes, one coalBining- the names of authors, and the 
■r the localities referred to. This bibliography will prove of the greatest 
H to all ornitholugists. 

■rw are tbe insects that have been bunnuied by liaving- a special treatise 
to ibemselvee. The guat-motb caterpillar — " Im chmilie. qui roni/e h boia 
■wff"— was anatotnicaliy immortalised by Lyonet ; the hive-bee and the 
vonn have had many panegyrists ; tbe cocbineal, a much smaller species, 
I also had its independent book : and Southall devoted his "Treatise of 
I subject which most people will regard na rather un.iavaury. 
iColorado polnto-beetle, also popularly de.<cribed an a bu;;, had hia little 
in* all to himself ; but with this, so far as our recollection serves, the 
f fpeciee of insects which have arrived at the dignity of having their 
ty DHTRted in separate publications, is pretty nearly exhausted. 
M Rocky Mountain locust (Ca!opfenv» uprelua) has now to be added to 
■ honourable lia[, in consequence of the publication of a volume of nearly 
jMgea devoted eiclusifely to the history of hla life and mimleeds, and 
H best mode of pmiinliing him for the latter, and preventing his rava)^ 

Us elaboTBte report, which is also brought out under tbe auspices of tbe 

d and OeoRrnpbical Survey of tbe Territories, is the joint produc- 

l of MM. 0. V. liiley. A. S. Packard, Jiin., and CIitus Thomas, and it ia 

.too much to say that it reflects the highest credit upon them. Of the 

lance of the subject to the United States some conception may be 

d from the fact that the Commiasioneia estimate the loss from the 

>• of this locust to the states between the Mississippi and the Rocky 

Botaini!, during the five yeara 1873-77, at 200,0(»,000 dollars, and they 

^oint out that the injury thu." inflicted was tbe more severely felt as the 

Imbbj fell most heavily upon a frontier population without wealth. 

The permanent habitation of this formidable locust, which is, however, 
'nditidually but a small insect, about the size of an ordinary English grass- 
'ipjwr, if a great stretch of country lying principaUy east of the Kocky 
Mnnntains, extending northwards into British territory, and including within 
ilw United States the territories of Nebraska and Wyoming, and portions of 
ido, Dakotab, and Nebraska. Ilere the species is always to be found 



r* " First Annua! Bejiort of the United States Entomological C' 

Iftbe year 1877, rt-lating to tlie Rocky Mountain Locust." 8vo. Wash- 
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in more or leas abundance, tind hence it makes its injuiioua rai'da upoD 
more lugbly cullivated districle Ij'ing HtoudiI it In it cmuidenUi 
of cnnntry lying ea^t of these permauont abodes of tbi^ lociist, tbe iutM 
described aa aubpermnnent, that is to tisy, its iuvMions are tjieraier; 
qusnt; aod furtlier, it is in the habit of breediuf? tliere for twrilnl conn 
live years^ after which it again disappears for a time. Urer a much In 
extent of country, reaching aouthwarda to tlia coast in Texas, and sUettl 
westwards through Colorado over a coiisidembie fpace west of the ~' 
tttins, the locust is said to he temporary, visitjng (liose regious only 
colly, and geueiitlly disappearing within the year. The migmtions of 
insects take place in two directions ; that is to say, while the invader) nu 
their way iu all directions from the pemutnent breeding grounds, the yon 
locusts hatched out in the temporary regions mifrrate in the oppontedir 
tion, or hack towards tbe permaaent abode of the speciea : and the Comn 
nonere state that it id well established that there may be, at the aametil 
two contrary currents over considerable areas. At the same time, Hi* 
marked that many of the returning insects are so infested with panwt 
Hnd otherwise diseased, that they perish during their homeward joanwy. 

The habits and natural history of the species are fully described b^ ^ 
authors, who aIbq bdicate the characters by which it may bu distingniebiii 
from nearly allied but distinct species also inhabiting tbe Nortli AmeriCtt'Wft 
tinent. They further describe minutely the anatomy and embryduKj rf lit 
locuat, and e;(plfun its trnnsformations, and, in fact, fumiah Uie readnvtl 
all the information necessary to enable him to form an iottlligent 
of the nature of this scourge of the Western iarmer. A more eneoui 
chapter is that which truats of tbe Icsect-eneiuies of the locust, which 
nately appear Ui be pretty numerous and active in their upemtian*— 10 i 
entomologist this will be one of the most iutaresting portions of tbavc" 
A great many lords also aid materially in checking the increase of the p 
Three chapters are devoted to tbe conuderation of the available modes of d 
troying the locusts by artiGcial taeons, some of which are ingeniona esM 
but need not be referred to here. A chapter on the effects produced «' 
fauna and flora of different localitiesin consequence of devastation by loci 
isvetyiaterestiugaudinatructdTa. llie authors notice tbe occurrence of loCI 
in other localities, especially in countries bordering upon mouDt«in 
but as a set-off against the miscliief done by the insects, they indicate that I 
are available " as food for various animals, including man, as fish-but, Ot 
manure," and further that " the chemic&l analysis given of tbe dead 
is quite interesting. Tbe insects furnish a new oil, which we have cbi 
Caloptine, and a very large percentage of formic acid." Of thar 
as food Mr. Ililey spealts from experience in very favoumble terms, 
body of evidence bearing on the subject of the report is given in i 
appendices. The volume is illustrated with several maps and numerouawD 
engrarings, and with five very nicely executed plates, three of them sbowi 
the distinctive characters of the three North American Calyiteiu refamd 
in the text, the fourth representing the hypermetamorphoses of tha 
terouB genera EpicniUa and ITornia, distinguished enemies of the locust, < 
tbe fifth illustrating certain points in the Idstology of the bitter. 



A MYCOLOGICAL EEVIEW.* 
a qaestion tlint must of neceuity force itself upon tbe luiod of neatly 
BTy naturalist, whetber wi) are not getting urerdone with periodical 
lire. Every little Pbilosojiiiicftl Society tliat exista all over Europe 
its contribution to tbe lit«ratLire of science, acid althouKk otoat of 
IS contained in these nlmoet inaccessible seriole are commDnplacft 
ill, from time to time, they contnjn the results of sound ori^nsl 
na with which it is of importance that nil students of the subject 
d of should he atquwnted. In othur cases we hftve local Natural History 
t brought out, either hy individuals who find a pK'asurs la editorial 
, or by a combination of local socielies, and these are iu precisely 
B position ns the former. Wo cannot help thinking that this 
iidefiinte multiplication of serial publications, in any one of which a. valuable 
paper may be buried nithoat the least chance of being generally known ti> 
M interested in it, ia a great misfortune, as it involves a totally unne- 
y widening of the literary Held which the naturalist rauat explore, and 
h is wide enough in all couitcience without these additions. 
t MTp't''-'' objection may perhaps be raided against the production of 
~ , ttansBctinD!!, and other serial works intended specially for the 
Inception uf papers upon some particular class or order of plants or animals ; 
but, although these have, to a certain extent, the same ellect of multiplying 
the receptAcles which the student must search through in order to acc[uaint 
himself with what has been done, they, nevortbeless, in their very title tell 
him what he may, or rather, what he need not, expect to &nd ; and fur those 
who devote themselves more partieulorty to one department of Natural 
History, it must be confessed that they present a great advantage. Further, 
by notices of new publications, and abatracta of papers pulilisbed in other 
Uore general journals, tbey furnish the specialist with a reHection of what U 
fang on elsewhere iu bis favourite pursiut, and enable him, if he chooses, to 
B all tbe best literature relating to it. 

IS, we welcome the appearance of the first number of & 

torly " Revue Mycologique," edited at Toulouse by M. 0. RoiuneguSre, 

1 only hope that its existence may not be typified by that of the 

tawboee history and peculiarities it is intended to record. At the game 

e cannot help feeling that the editor's undertaking is at least as 

( those of the gentlemen who have started the " Itevue 

gique ^ and " Itevue d'Algologie," to which he refers in hia opening 

H to bis readers. 

it first number contains several articles bv ihe editor — one in oppomtion 

M notion that Lichens are Fungi parni^itic upon Algie, another on an 

f development of SiiKieta i/ii/mt/ea near Toulouse, a third on 

D of the genus Microsphrm-ia, a fourth on the preservation of Fun§n, 

Ifft fifth on TrlrpAorti palmata, forma jiaradaiii. We also find a decade 

IT Exotic Fungi described by M, F. von Thitmen ; an article on the 

' Revue Mycologique, Recueil trimestriel iltusti^, consocrd k I'Stude doe 
ipiguons." Dirig^ par M. C. RoumepuSre. Ire Ann^, No. 1. " 
37 Hue Kguet, et Paris, J. B. Bailliere. January 1870. 






Myxogflstrea by Ur, L. Quelet; nui oiie liy the Count tfe Unstillou on 
Artificial Oultiire of Muskrcioms hv the Japnnese. A paper by M. F 
Brunaud od the popular iiamea of Fuogi in tli« neiglibourhood of Sail 
CODtaina not^s oa the chnractera of two or three species. A plate vliii 
Bccouipanies the iiiimlier does not appear to Wlcing to any of the piipemu 
tfuned Id it. The number furnishaa bibliographical noliceji of a great Dumi 
of bookn and papers published in 1876, and coDcludea trith a fen pa^eai 
abort notes on mycologicnl subjects. If this review can lie coatiniied id C 
Hune style, it will doubtless prove exceedingly useful to students of Fun^ 
but we should fear that its circulation will be very limited, nud, protaHjl 
anticipation of thi-^, its price seems to be rallitr liigh. 



IIEAI.TII PRIMERS.' 

THE six. littlti volumes which have appeared of this \ery useful series I 
lemnrlcablH for their sound common sense treatment of important 4 
jecta, and for their cheapness. In this last respect these primeis v 
many others which have appeared from time to timt^, and which hlTC bl 
the work of the most|distiiiguished physirist^ nnntomista, and botamst* of 1 
day ; but they differ Irom them by being within the comprtthenatOD of til 
individuals for whom primers are written. A primer in the oldeo ti 
was a book which related to the fundamental principles of a braBth 
knowledge, and it was written in plun and almost moaosyllntdc En^ 
but many modern ones are comprehensive "crnms," andpiiW up tbest 
with the inoomprchensihle. The one was " milk for babee," tha ( 
are "strong drink "for the old; the old books were for the beginner, »i 
modem are only reaUy apprecinted by those men who know all about I 
subject. Certainly these little books can be undenrtood by everybody ; T 
are didactic as well as suggestive ; and in rending them one ia struck « 
the evident improvement in the method of thought of the tuedioal pi 
for they are edited and written by diaUoguished members of the fl 
They are the outcome of the third phase of medical thought during t 
century. Early in it, the doctora were heroic ; people were bled, I " ' 
and draughted, and were taught that every disease had, or ought to liti«i 
special curative agent. Then, as the medical mind became logical, tlw I 
pectant treatment prevailed ; and now primers are written on " prevent 
medidnu or sanitary science. Fomieriy every epidemic was attributtd 
the anger and personal attack of the Ruler of all things, and waa a 
to be a warning against national and other sins. Now euch diaofden 
believed and are proved to bo the result of man's stupidity, dirt, b 
and bad government. The little volume on" premature death" — thotUlOl 
death before tho expiration of the natural term — deals with the comM 
rather than with the individual, and tells the true story of the cattn 

• "Premftture Death; its Promotion and Prevention.'' "AImIioI: 
Use and Abuse." '' Personal Appnrance in Health and DiseasaL" " 
Uouae and its Surroundings.'' "Exercise and Trwniug." "Butlli 

Bathing." Hoyol lOiuo. X^ndon: ILvrdwickeit Boguo, 




|vt[K(iiatJon of thaat- pivt^'ntiUe diM«ce»wbkku«Bac 

It opIaiDs the inSueoce of wtiGckl cunditims Mod melkad* of life a 

Wing and aid, and veiy ably ootes the iaSaeoee atd reactMOB of ilnlJliiliiMi 

a diwaM. It U pleasant to read the gratefal ncozmtian of Ite aanieaa at 

'As gnat maater in asmtarr sdeDce and cnft la tUa e aaair j. Join 

ban," a man to whom Eog-Iand ovea a migbiT debt of patitnde, ■ inaa 

>b> has a«ved and not dnin his thousandg, and vbo in our ] 

BOBej-gntbUiifr. iGwi-barbarism i* plain " John Simon." 

' Alecihol : )IB Uw and Abuse,* will cat please eitbfa' the total a1 

'ine-aelling grocer tribe. It ie vritleu bj a thinker, and the foDowine 
tttteaeee jiraie it : — " Moial character is ren- lai^v infloMiced by habit, 
^ibe acqiured control of the hijfhesi cvivbtal centres over the lower ; and 
hnH the condnual pnialvBis of that control, and the coiutont abolition of 
" power of Belf-re«tnuat, niusi, of course, aid largely in moral deteriora' 
1." " The habitual druntard ia morally defective from the oataet, and bis 
halite pte foil play to the action of all the lover tendende« of hia nature. 
DnmkenneM u more a vice than a disease-" The author then affimw, with 
r^ard to moderate or excesdre drinking, "that whatever quantity eaunaai^ 
I«inporajT losa of moral control does, if repeated. Lead to moral detoiotUwn, 
but that short of this no »uch result is produced." At the dose of this book 
there is a very solemn warning aguuat the use of stimulants in punful 
^aies; it is for the especial benefit of those who mn ■ chance of beii^ 
made slaves to the bottle by illogical mrdiei. The house we live in — too 
oHeD s den of malignant bacteria, bad gases, and amelli — is treated of in od« 
of the piiniers in a very downright manner. If builders have consciences, 
and would only read this book, what a bleasing it would be ! The remainiDg 
Tolumes are on the special subjixts of exercise and baths, and, like the other*, 

ffiill of soggaations and of very f;ood advice. ^Ve can eamestly recom- 
i Ihaao able rolomes to the public. 

THE LIBRARY OF THE MUSEUM OF PRACTICAL 
GEOLOGY. - 

rmay call the attention of those of our readers who are interested in 
geology to the very useful Cetalogoe of the contents of the library of 
the Museum of Practical Geology, which has just been published. It has 
l««i prepoied jwith great care by Mr. Henry White, the compiler of the 
Royal Society's catalogue of adentific memoirs, and Mr. T. W. Newton, the 
udstant-libraiian at Jermyn Street, and is Dot only an excellent example of 
■ practical library- catalogue, but, from the nature of its contents, giving 
u it does a list of nccumulations of geological and nuneraIogi(»l worha 
eipecially during a period of some twenty-seven years, it will prove exceed- 
ingly useful, even apart from the library to which it particularly relates, as 
ta indei to the literature of geology and the allied sciences, ^'ery wisely the 
ntnpUers have abebuned from all fancy methods of arrnngement, and bavu 



• " A Catalogue of the Libmrv of the Museum of Practical Geol^y and 
Qeoloricsl Survey." Compiled by Hemr White and Thomas W. Newton. 
in, Xondon: Primed for Her Jdojeaty's Stationery Office. 1878. 
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niFULAR SCIESCK REVIZW. T 

kept fibM)liitelj to ftu olpliaboticnl nrder, certaialr the most eonreiuent b 
reference ; at the name time certain articles have been collect<r>d under spM' ' 
bendfi, but aJwaye, where niwesaarj, with croso-references. By tba u» 
hiBCk letter for the uames of autliors, &c., tlie book ia readered particuliEff 
ens; to cooault. 



W 



GEOLOGICAL SUR\T1:Y OF ESSEX AND inOtTS.' 

ITE hare received from the authors a copy of the memoir vn Sheet ii ( 
the Oeolopcal Map of EJig'laLd and Wales, published under till 
euperintcndeDceof Mr. Whilaker,in which that gentleman and hist " 
coirr farther to the northward the (reologicfll eutvef of the London h 
so well treated by him in a former memoir. The present work relates ta tb 
sorth-weat of Essex and noFth-eiiBt of Hertfordshire, and taJtu i 
portions of Cambridgeshire and SuSblk. It thus carries the survey of th 
London basin up to its Dorthem buimdnrj, where Cretaceous bedsoeciit;n 
the greator part of the remainder of the area is formed by the London 0^ 
tiieeiposuie of the Thanet and Reading; beds being very emalL Theflu" 
is covered to a ^laat extent with diift depomts of various kinds ; Imt tr 
of the lied Crag are met with heic and there in the north-eastem paltof ttl 
area, especially in the neighbourhood of Sudbury-. The memoir diBpIa}«lli 
usual accuracy and completcneas characteristic of all work with whii^M 
Whitakcr has anytHn^^todo; but,good as it is, we do not imdeNtand whjS 
cost should bo quite so high — thTee-and-dspence for a pamphlet of n 
two partes, with nineteen woodcuts, will teem to unsophisticated people! 
little too much 



WILLIAM HARVEY.t 



HOW wsy it ia to depreciate; bow hard it was to demonstrate the dx 
ktion of the blood ; how iDcom pre hen able it is to the multjtude tt 
scienUlic meJi should be .so long in tiiiding out auch very evident thiaj 
are eipressiuns which always must come forth on reading any life of WWb 
Harvey, and the criticisms of his contemporaries and suce ~ 

play-writers, and imaginative but not practical anntoraiita, had stated tliati 
blood moved hero and there, and that there was a circulation of it( I 
Harvey denioaatrBled the true circulation of the blood, and did not i 
with fantastic imagery or a cyclical movment wUch, like tliat of Osaalpiill 
was not the true one. Why was the great fact that the arterial Vt 
is propelled forth by the heart, and that it entera the »-eina by minute c«| 
lanes and returns, not found out I>efore so late in the world's history f 
eUboration was opposed by the prejudices of mankind, by the j 



* " Memoiri' of the Geological Sarvey, Eimland oud Wales. The 
logy of the North- Went Part of Essei and the North-East Part of " 
(eidanatiou of Sheet 47 of the Slap )." By W, Whitaker, W. IL Pb- 
W.ILDalton, andF, J. Baruett, Hvo. London: Printtid forUerHui 
8t«lionorp- Office. 1378. 

t " William Harvey. A Historr of the Disoovei^ of the Cirrnljll 
llic Blood." By R. Willis, M.D. tiondou: O. Kegnn Paul & Oo. ] 



* 



n of priestcnft, and lij the want of the iaductive and experimental 
d of leasoain^. LJtte all great diacoverieB, it was led up to, and it was 
dbv the revolution in morula, reli^on, and method of thought which 
Dr. Willis pldCBB the ideas of the ancients and of those of 
a predecesMrs of IlaTTey moat fairlj before the world, and ipves 
PQof that our great countTj-nian not onl7 taught the truth, but demon- 
d it. Everyone before him bad taught uutrutb, or only part of ttuth, 
n one had demonstrated. Now, at the present day, scientific men do 
wledge the iuiaginator as the discoverer, but the experimentalist, 
was and places a fact as a useful truth before the world. Everybody 
duit Joule of Manchester demonstrated by experiment the meclianical 
eat of heat; but to Mayer we only owe tboughte on its (pos- 
— tiie one it the discoverer, and to the other tha world owes nothing. 
B pro^cressed wonderfully in anatomy, and their great knowledge 
heart and veeaels may be snid to have culminated in Oalenns of Per- 
I bora 131 A,D., whose works ruled medical and anatomical science for 
a ceDtoiies. Amongst the firet of the modem inioginalors, but who 
done kind of blood to be distributed b; the veins for growth nndmaiit- 
B, and another by the arteries, charged with beat and spirit for vital 
meiit, was Rabelais, luid be certainly knew much anatomy. Sylvius 
>i and injected tbeart«rie^,but mbeed tfaesignificimceof the obstruct- 
IwB in the veins. Winter of Andernach, the master of Vesaliua and 
ui, demonstrated and described the valves of the heart, and noted th» 
ceof the air on the blood in the lungs. Vesaliiis was a pure anatomist, 
it he conudered that the motion of the blood was of a to-and-fro kind, and 
U not realise the importance or physiology of the venous valves. Persecuted 
)f [he Inquisition, ht; perished miserably in retuming from a forced ]ii]grimagB 
lo Jerusalem. Servetus followed, and, strangely for the age, was a reformer 
unligion and a physiologist. He stated that the blood moved from the 
n^t 10 the left side of the heart through the lungs, in hia work on the 
faluiation of Christianity, for which book he was burned by Calvin, the 
Prate»itant. He was aware of the peculiarities of the frotal lun-r, nnd of its 
btiing no imlepeudent existence. Columbus (Realdus) described the vena 
forts particularly, but denied muscularity to the heart. Eustachius dis- 
d vhe thoracic duct in the horse, and its relation to the great venous 
kof tha neck; and Fallopius inteueified the belief that the veins were 
K&tribntors of blood, instead of the arteries. >Sftrj]i, before his age in 
r, wBSnearly assassinated by tbe orders of Paul V., but he did not add 
b M did ArantitiB, who showed bow the perfect closure of the heart's 
a produced. Then came lluini and Cie^pinus, neither of nbom, 
were discoverers. Fabricius began the tmth by demonstrating the 
_ « and functions of the valves in the veins ; and, finally, Rudius, know- 
i| DOthiiig of the function of the heart, and who believed that the pulnio- 
osiy artery drew air into the left ventricle, (.!) paved the way for Harvey, 
of Folkestone. His " Esercise on the Motions of the Heart and Blood " 
^ked his professional prosperity, and all the " phjsitiana " wen.- against 
Un: but in after years, and after the appeiirance of his "Generation of Ani- 
BbIi," hi; brother physicians put up an inscription which gave him the credit 
fv hJB gnat discovery. Dr. Willis describes the splendid work of this great 
■ta I iiK«t iMuUble and scholarly manner. 




192 l-OrULAU SCIESCE HB?IBW.: 

A MINISTRY OF HEALTH, AND OTHER 

THIS highly inlercBting volume rontaiiie iipwnrdi 
written in the ivuthor's wuU-known alyle, »ud full of innat and 
thoughts. The firat deals with tliB proposal to bnve a Minister of Itealtli, 
Dr. Itichsrdsoo would make the appoiutmcnt a peruiaaent od«, luid H 
be held by no party man. The next refera to Williaiu nnrvBy. A 01 
discourse on the inter-relalionahip of clerical and luedicnl function* * " 
In the chapter on I-earntiig ntid Health there is an onBlnug'ht on Dea 
competitions and the evils of the examination system. In the " Wad 
Physic," pp. 200, 210, there ia an awful but painiully true d*<(icriptioil 
oppositions to the aspirations nnd duties of the pby^cian un the p 
society; and the book closes with a reiy curious and au)igestive cltapU 
tbe comparative merits of alcoholic and etherial drink. The work 
thoM of the author — that of a man of genius, of gre«t power, of experii 
and noble independence of thought. 



UAINFALL AND SUNSPOTS.t 

UNDER the title of •'Hnior«l] of the Worid," Mr. Archibald nnd 
a pamphlet compiiaing nn essay, on introduction, and an tfpx 
In the introduction the author denls with oolar energy, and 
that this energy, being conetaot, is displayed at one time in tlie £>! 
ance of the solar gaaea, as shown by the prominences and apol* aa 
surface of tbe sun ; at another iu tbe maintenance of a high lempentl 
and concludes that the physical state in which the sun may be at 
given time atlectd this earth by direct ma^ptfic action, and by vuial 
in the amount of heat radiated from the surface of the sun. The 
of maximum intensity of one stit of conditions is that of minimum iata 
in the other. Years of minimum eunspot consequently abow fewer m f 
storms, but higher temperatures, than years of maidmum sunspots; ani 
author conaidera that the resi-arcbes of numerous meteorologists, but : 
particularly of Kiipper and Hahn, would appear to render (he fact I 
putable that periods of sunspot minima are those of 

Aa all meteorological phenomena are directly ntlributaMi 
leinperftture, through the winds which these variations oecawon, the at 
in the essay divides the surface of the earth into five different zonee, ico 
ing to the winds, which ore tbe vapour-bearing currents to each dtstricL 
dealing with each zone separately, according to its special local and 
graphical conditions, it becomi;s possiblo to explain away many vpgl 
incongruities in the rainfall of different localities. Selecting from Zone 11, 
raiof^l of Madras, a direct variation with the solnr spot frequency iaaT 
and it ia hardly possible to avoid connecting the rc^lar variation of dr 
and plenty with the presence or absence of large numbera of tan 

• Bv Dr. Kchardson, F.R.S. London : Ohatto & Windus. 1870. 
t '■ tbe lUinCill of the World." By E. D. Archibald. 8vo. OaleU 
Thacker, Spink & Co. 1878. 
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Zone v., wbieli embraces France, NortU Ilaly, Germany, and RuBsiti, 
in those pbices wliere most of tlie rftin occurs in the summer, tlie raiiirall ap- 
(•lently varies directly witli tlie sunapols ; wliile in tbe cnse of tUo wot seaaou, 
ln^imr the winter, the rMnfell varies iuverwly, tlie very fame chcnges iu tbe 
pbjiic*! state of the »un acting in tntally opposite directions under the dif- 
ferent conditiona. It ie evident, not only from a fact quoted by Mr. Blao- 
fced, namely, that the rainfall at Madras in 1860— a year of mniimum 
lower than that for any other year between 1832 and 1807, 
klalso from thp nuthor'a own work, that it is impossible to look tor any 
KWd distinctive secular changes in the'rainfall of the world, and that it 
ill only be by minute research, and the eliniiuntion of local pecidiaritie?, 
lit the eyclicnl variations, if existin^r, will be discovered. In his appendix 
L6 author dlseiisses tbe question of tlie relalion between aunspota and 



SEWAGE POISONING.' 



SO many evils are due lo the influence of sewag'e^Bs eecagung into our 
hooses that we cannot but welcome eveiy sensible saggeetion that aims 
Ikeepingout sodan^rousan inmate — a visitor, indeed, whose mere presence 
It bouse is generally so disagreeable to the senses that it is a wonder people 
kt it with Bo much indifference. In a lecture delivered before a London 
Uical Society, and just published as a pamplilet. Dr. E. T. Blake dia- 
nnes of the various diaeaees which may bo traced, directly or indirectly, 
I iha influence of aewer-gos, of which, as might be expected, he gives a 
Actently formidable list, pointing out e^pecinlly that, besides those more 
aU) affections which every now and then produce general alarm by their 
td pKvnltince and often fatal tenninntdon, there are n host of apparently 
B terious complnintt which nevertheless ore pvoductive at least of much 
OaUe and uneasinesa, and by their long continuance cause serious injury to 
H health. By n description of the usual arrangementa adopted for llie 
Breyance of the sewage of our London houses to the main sower, Dr. 
like shows how ingeniously these are contrived to facilitate the ingress of 
B deleterious gases, and, indeed, in many cases for enabling them, to reach 
Pdaccuraulate in just those parts of the house from which they ought 
Mt carefully to be excluded ; but having drawn this unpleasant picture, he 
>N not abandon bis readers to despair, but indicates pretty fully the course 
lln adopted in order to secure the encliisiou nf the unwelcome and mis- 
Mvons intruder. Dr. Blake's pamphlet is illustrated with a series of 
Wodcuts contmatinp things as they are and as be thinks tliey should be, 
ibd there is no doubt tliat a great improvement in tbe sanitary slate of our 
would be effected by the adoption of the rules which ha has laid 



' "Is DiplithcriaProVenlable? — Sewage Poisoning: its Causes and Cure." 
■EdwardT. Biske, M.D. Svo. I^mdon; Ilardwicke & Bogue. 1870. 
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FOPCLAR SOENCB BGTtGW. 

D03IESTIO POISONS.* 

IT is a pretty well-known fact thiit eortnin bright gmeu wnli-pipaii 
tain El coDuderalile quantity of arsenic, nnd tliM this doloterion* 
ataacB is not so finaly filed to the paper aa to be iucnpable of 
itself and floatin^r nbout in the nJr as n [vnisonniia iliist. Of iho ill efi 
pi'odaced by this dual there is ftbundant nit>diMtl evidence -, and ^m » 
obserTBtiona it would appear that in certnin cases, eren when tha sraea 
compound is unable to break away iu tlie solid form, aa ovoltition of in 
uretted ga» may t&ke place and produce an eqnnl amount of miacluef. . 
Kenry Corr haa collected a considerable body of evidence benriiifE upon 
subject and other collateral matters connected with this inaidinui modi 
introducing virulent poieonti into our bouses, and ha.'; published the nsul) 
of his investigatiane in a small book, which cert^nly opens up a suffidenl^ 
alarming prospect. He finds that, contrary to the general opinion, the pi* 
sence of arsenic Is by no means confined to papero and other artido 
domestic use of a bright green colour, but that many dull green arlides «* 
equally dangerous, and in fact tlia.t, thanks to the numerous modem applio* 
tions of chemistry to the arts, h great number of colouring materials ii 
common use contain arsenic, even when there is nothing green about thea> 
The aniline dyes, for esample, are not unfrequently contaminated hj 
residue of the arsenic u»ed in their preparntiou. Mr. Corr cites a long Hi 
of things which may be rendered dangerous by the employment of poiaonei 
dyes — articles of clothing, curtains, &c.— ^and cite« a sufficient number < 
nutiioritiee to show that there is a grave reoUly in the charge he 
against many modem manufactures of domestic use. His main object 
to call the attention of the public to the niatter. with the ^ici 
legislative interference in the interests of public health. 



-■ESTriETICS.t 



TPSTHETIUS, like Sooal Science, is, it appears to us, so mneli la . 
-^-Li infancy, notwifliAlanding the many writeris on the subject, tfaithi 
fact has scarcely yet earned for itoelf tlie title of a sdence at all, for bai ' 
any two writers appear to agree even as to its definition ; and n «dence wl 
is yet so crude that its very eiponents hardly know what are ihc baws "' 
the subject on which they write scarcely seems deserving rif the name >1 1". 
M. Vdron, however, gives his definition thus: "-Esthetics is the sdeiCK 
whose object is the study and elucidation of the manifestations of aiti«W 
geniUB," which is cerlMnly brief enough — and, as the author very joiil'; 
remarks, avdds those " inconveniences and obsciiritiee " into which othgif, 
who have perhaps endcftvoured to give a juster, or at kast a more dot«l«df 
definition have b^en led. As a treatiie on Art, however, the book t* eX' 



• " Our Domestic Poisons ; or, tie Poiaonnua Effects of Oertaiu Dyes on^ 
Colours used in Domestic Fabrics." Br Henry Oarr. Hm. ^\o. LondnO - 
W. Ridgway. 187D. 

+ " /Esthetic*." By EugSne V^ron. TrnnBlated by W. II. Arnt.;tMn^< 
B.A. "Libraiy of Oontemporary Science," London: Cbapmnn k Hal* 
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iy interesting', and is one which may be taken up at any time for 
and pleasant leading. It seems, howeyer, unfortunate that in a book 
iad for tbe Kngiish reader all, or almost all, the illustrations are taken 
authors and artists, no mention being made throughout the 
'we are much mistaken, even of such men as Hogarth, Reynolds, 
L, Tomer, and Ruskin. In the translation there is, it seems to 
error : in a work translated from the French one does not 
'^ to find such 'words or phrases as bizarrenes, en rapport, qui vive, and 
■orey "which are scattered through the book, while we cannot see any 
why ^ IXeu me pardanne '* should be left in French in a quotation 
with that exception, is translated into English. 



2 





Ma.eorie Diut. — Mr. FUnjnrd has contributed to llit " I'nmedingi 
lioyiJ Astronomical Society a very interesting pnper on tlie preeeoci 
teoric diut in Ihentmofipliere, Profossor Andrews announced in 1691 
bad discovered particles of native inu in the basalt of the Qiant'a Ct 
Had Hu^rgesled that they may have been derived from meteois lA 
when the bnsalt was in ft plastic condition. In IHOr, Mr. Plupa 
book on meteors, snid ; '' I liave fotuid that when a s^\esA covered w 
g-lycerine is exposed to a strong wind, lale iu Novembtrr, ' 
number of Mack ani/ulor jMirf.iriet, some three or four of irhicb may 
collected in the space of a couple of hourr^." These can be £m 
strong hydrochloric acid, and produce yellow chloride of irott upOQ I 
plate." lie adds r " Althougb I have made this experiment at 
of the year, it is only in the winter monthii tbftt the black putich 
with liydrochloric acid, chloride of iron, have been met witlu* Tsi 
end of 1871, Nordonskjiild collected eome apparently pure snoww 
in the noiifbbourhood of Stoclibalm during a heavy snowetonu,: 
ing a cubic m6tre of the anow he fomid that it left a black i 
which he was able to extract with a magnet particles nrhicli, i 
in an agtite mortftr, exhibited metallic characters, and on being treal 
odd proved to be iron. Nordenskjiild also found particlea of n 
in snow wblch be collected from off the ice of Rantajerwi, a s| 
by a dense foresl from tbe nearest hoiiEea at Evoia, in Finland. "Hi 
Expedition of 1S72 led to result) still more slrikiug, black gnu 
iog iron, phosphorus, cobalt, and prolialtly nickel, being found 
lected in epots t-ery remote lioni human habitatinni'. M. TtMta 
described the particles of solid matter found in deposits of dual 
towers of Notre Dame as resembling those which be was able to A 
Miction from the surface of meteorites, and concludes "that ib«f 
soUdiBed metallic rniu detached from meteoric mnssos during ibeiT 
through the atmosphere." Pr. Wali«r Flight published, in 1B76, t) 
tant paper describing a kind of grey duift which be calls ayacn 
with in holes in Potar ice, and forming a layer of grey powder at tb 
of the water filling the holex, ITe says ; " The origin of eryocointa 
eaigmatical. That it U not a product of the weathering of 
coast is pliown by its inferior bdrduess, indicating tlic 
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» frnportioD of soda, aoA the fact of mien not beiii^c pruseut. That 
It dust derived ftoiu the busdlt area of GitenUnd i» indicatad by the 
e poMtion iron-oxide occupies among tbe constitiionlB, as well ft* 
le large proportioa of ulicic acid. We hnie, then, to fall back on the 
mption that it ia either of voIcbdIc or cosmienl ori|^iu I . . . Whenceso- 
)ne constituent of cosniical oiigin. ]>i'. Xordensk- 
1, extracted, by me&Dfl of the magnet, from a large qtiautity of nmterial 
Ideut particles to determine their nietntlic nature aod compositioa. 
« gnuns aeparate copper from a solution of tbt milpliale, and cihitut 
B evidence of the exiBtence of cobolt, copper," nnd nickel (leaa 



snce of this kind Mr, Bonynrd infers that meteoric matter is 
Dntiiiually fallin;j in quantities which, in the lapse of ages, mu^t accumu- 
anterially to contribute to the matter of the earth's crust. He 
I of thia theory, by the way. aa one which has been ndvocated, for some 
t, by Mr. doctor. But this is not strictly correct. -Mr. Proctor has 
rnted tJie theory that in remote past ages the earth ha.s thus recrived 
ements of mass, but not that meteors are now foiling in such 
■ease the earth's mass, even during many hundreds of thousands of 
appreciable degree. The total number of meteoric bodies fall- 
on the earth's moss, from the largest oerolitesdown to the smallest 
>lilig-«tar which an ordinary telescope would show (if the body chanced 
a its field of liew), has been estimated by Professor Newton, of 
l« College, at 400,000,000. This only allows an nvemge of two meteors 
>r each square mile of the earth's surface, or roughly alxiut oue 
ir per square yard, in 1,600,000 years. As the average weight of meteors 
■ probably to be measured rather by ^raijis tban by ounces, we cannot con- 
' !r tliftt the addition of one meteor per square yard woujd involve n very 
ranhy increase of tbe earth's mass ; and 1,500,000 years must be t«- 
M fwrly equivalent to tbe time indicated by the r.ither va^ue expreB- 
•■ the laps9 .if aaea.' In past times, however, when aa yet the great 
meteoric matter was still travelling freely aMimd the sun, tbe 
if ingathering must have been far more rapid. 

* Ltmnr Crater St/ginua. — Lord Lindsay and Dr, Uojiuhind have made 
■ interesting and instructive obaervationa on the varying appearance of 
on Dear Ilyginus, confirmlDg, as they point out, the well-known fact 
I region " is full of complicated shallow irregularilies and atrongly- 
) diSeieDce.'! of tone, which tend together to produce ;rreat apparent 
Mof surface configuration, with cbange of illumination ; and, further, 
w that there exint striking features in the immediate uinghlxiurhood 
h have hitherto escaped clear detection, hut of which some traces may 
I the comparatively old map of Lohrmann."" Their slatflmentB 
1 bardly be intelligible, even to lunar students, without the drawings 
1 accompany their paper. Let it suffice to observe, that they fully 
;« out their case ; and though their ohsenations have no direct bearing 
. Klein's supposed recognition of a new crater in this region, jet 
;Uy tbey tend to increase the doubt with which tbe more cautious 
had received the announcement of the imported change. Tbe 
d aUu show, as Lord Lindsay and Dr. Copeland sny, "with 



wbat extreme cnnUon all presumed evidence of cbmge on Ilia mDoa' 
oagbl to be received, and how Decessftn it U tn BCcnmuUte oIh 
made under Taiious and putieularly under loie iUuminfttioiti.^ 

T/ie " Bedford fotn/ojTiM."— Admiral Sniyth'e Cycle of Oelestitl 
commonly cnlled the "Bedford CHlalo0iie,*'is iiF«d lij so muij t« 
and baa been «o long retrarded a.i an authority, that many will 
paiii aa well m surori^e of the aouoancemetit by Mr. Heibert Sadkir,il 
carcrul eiamiaatioo of many gtatemeutE in the work (rol. ii.), t~ 
utterly untrustworthy. He adopts and emphauzea the remarlc of that a 
careful and tikitful obwrrer of double stars, Mr. Bumhom, that " 
tioD of origiuol obeervations, iii this or any other lan^age, can be n 
which contune m many serious errors." " The measures of the S 
Dembowski, Duwes, Seccbi, and half a dozen others whoso namn tci 
mentioned,'' adds Biirnhani, " do not contfun altogether n 
fraction of the mistakes in the Oyele nliicb have led to no much i 
and confusion. . . . Ordinarily there is no difficulty in delecting the a 
once. This U not the case with the Oyt-Ie. There is no theory w 
account fnr the many serious discrepancies. The measures generally 4 
substantially with those which are girea from prior obserren, b( 
strangest part is that the agreement is kept up just the eame yrhe 
earlier measures are alt wrong.'' This statement, it will be noticed, U 
B, oomewhnt serious charge, which those who are interested in lappoltil 
the reputation of the late Admiral Smytb would do well not to 
We shall hope to see the coses adduced by Mr. Herbert Sadler e 
on some other hypothesis than that Admiral Smyth "fudged" (to 
e, schoolboy phrase) some of His observations. Not cont«nt with dul 
our faith in this older catalogue, Mr. Sadler niakea a most d>iiii| 
reference to a catalogue published quite recently, at great expeoM 
the Royal Astronomical Society. "As far as I am aware,' he says," &« 
one catalogue only, and that not an original one, which Burpasses the 'I 
ford Catalogue' in iuaccuracy, and that catalogue is the ' Reference Catill 
of Multiple and Double Stars,' forming Vol. !d. of the Memoirs." It 1 
be hoped that Professor Pritchard, who with the late Dr. Mmu shared' 
responuMlity for the last-named most remarkable production, will raidev 
to show that it is either not so bad as it is commonly reported to b 
that there i8 some valid excuse for its bemg, as many allege, altogtf 
TRluelesB. 

I^enojiienaOburt>edatthfOc<nillatimiofa Slarbt/t/ie Moon.— Mr. Chd 
describes a curious pheuomenon presented at the occultation of the fouru 
magnitude star 17 Tauri by the moon, on November 10, 1876. He obeerved 
with nearly the full aperture of the Great Equoiorial (nearly 13 inchMl 
As the star approached the moon's limb he observed it steadily, feariui^ K 
lose it in the overpowering brilliancy of the moon's light. He expccUd '\^ 
to disappear at a slight notch in the moon's bright limb ; but instead u; 
that the moon's limb, to his surprise, seemed to recede for some thna W 
four seconds of timp, and the star disappeared gradually in a aortof li 
nous hue, thn:>ugh which it was seen with more and more difficull 
adTanced. At the iustani of disappearance the star wm teeu &pp 
perfectly trisected by the limh; that is, completely sham of its nya ii 
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difi'i«ct)ou disc on the one Bide (townrda tljo moon), and intact on I 

Tbu explanation ^ren hj Mr. CLriatio seems £Otmd. " The b1 

not bright enough to he seen disliaclly projected on the moon's diac, 

i jet not so fuot as to be overpowered b; the iiradistiou at the limb. 

auB limb bring formed by the Buju-rposition of diffractioQ iniBgca, the 

ity of light would increase grnduaUj from the spurious to the true limb. 

the former, the star's light overpowered, that of the moon ; at the latter, 

noon's light overpowered that of the star." The circumstance that the 

ictioii image of the star was completely cut off on the side of the moon 

10 iiutaot of its disappenrance is strikingly confimintory of this expU- 

Strenge Mutate. — Oddly enough Mr. OhriBlie has alloweal v. remarkable 
kke to appear in a papier which he edits. Messrs. Iliiet and Russell, 
rring the moon at nine in the morning of October 21, the moon being 
post her third quarter, imagined Ibey saw a great circular shade (or 
!T port of «ueh a shade) on the moan's face. Mr. Hussell inquires into 
■ossble nature, gravely discussing whether it may not have been the 
av tit some unknown opoijne globe, or of a rerv dense comet, between 
Mith and the sun. In reality the supposed sbode was nothing but what 
Jvays be recognised when the moon is at that phase, the outline of 
in dark seas forming in appearance, at that time, a part of a great 
9 having an apparent rodius equal lo nearly three-fourths of tho 

\momenufor the Quarter. — Mercury will be in inferior conjunction with 

lun on April 17, at II a.u. ; at his greatest westerly elongation on 

16, when be will be US' 40' west of the sun ; and at superior conjunction 

June 18. Venus is an evening star oil through the quarter, her 

from the sun and her brightness iucreaung through the quarter, the 

ndeed, not attaining n maximum till the middle of July, the latter 

tin the middle of August. The proximity of Mors and Saturn at the 

of Juno will render these planets inlereating objects to telescojusts, 

[h Mus will be far less brilliant than when he was in conjunction with 

B in the autucnn of 1877. At 8 I'.M., June :'M, the distance between 

planets will not be more tliau one minule~a thirtieth, sey, of the moon's 

er. But it will not be till a much later time of that night that the 

ity of the planets can be favourably observed in England. 



CHEMISTRY. 

I of Sugar into Alcohol 6y Inorffonic vljoi/u.— While coneadering 

Ktion of fermenting agents, Certbelot has been led to try an experiment 

does not exactly solve the question of the conversion of sugar into 

' by inorganic agents, although it thtuws some light upon that change. 

hypotbeds, to follow the consequences of which was of interest to him, 

■Ike following. If we assume that the action of a ferment consists in 

ImaKng up into two complementary ingredienls, of which the one con- 

the more oxygen, the otiier the move hydrogen — an action, ia short, 

lyruemlding that of potash on aldehyde^the two products will exhibit 
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a reciprocal aetivitr. As, however, tli» energy cnnamned l^ tlM lint 
decompo^lioD caimot be again prixluced, the pristine sagni cumot be Kfto- 
duc^d. Id place of thie the producta euSa a new and deeper deemopoHtioB 
into alcohol and carbonic acid. Eerthelot examined tlie cooditlon of tkl 
Bimultaneous bj-drogeaatioo and oxidation oftlie sugar. A listliayofiaot 
eight Biinsen cells was emplojed, tho poles of wliich went connected «i& 
an oscillating cniiitunlatoT which could be allernately poBitive and negitjn 
twelve to flfleen times in a wcond ; and tlie electrodes were cylindew irfpli- 
tinum bkok. This apparatus, when immersed in acid water, evolTcd |t 
each of the poles hydroRioD aud oxygen altcroatelj. The apparattu 
regulated that it erolved no ^'as, the water b^ng reformed at the n 
after its decompostlion. When placed in a watery solutiaQ of glucose, 
was in some instances neutral, in others add, and in oliiets aUiaUiw, 
was decomposed but only in very small quaolitic* (some ■ 
greater part of the glucose resistiug the decomposition. So 
doi'B not justify one in drawing concliuuolis. Tlie product 
the cold, however, a:id by lueans of sugar, is a fact of 
Compt. rend., liiivii., 940, 

7^ Chemical CompotUion of Sca-itia/fr. — Jacobsen has set hinMtf 
task of deciding the queslion whetlier the compositiou of sea-walH txl 
from diiTerent !«ns and o(?eaiis, and different depths, possessed the mno o 
poMtion, and whether the discrepunciea observed in analyses wew dus Wi 
errors of manipulation. Fur this purpose he examined the compo(itian<nt 
fortj-sii specimens of sea-water, collected onboard the "Gaielle" 
the expedition of 1874-1876, for every possible locality and depth, W 
constituents which were determined were chlorine, sulphuric acid, ni 
calcium carbonate. The chlorine showed only a very alig^ht vnriBtioa;Ut 
salt corresponding to the chlorine amounted in the highest case to l'814r 
the lowest case to 1-8047, the mean being I'8093C. The chlorine 
determined in fifteen specimens. 'WhoD it is remembered that these w 
art' intluenced by the unavoidable errors of chlorine detennioatjona andlbl 
determination of salt, one wilt not be disposed to ascribe to the ibnl 
irregular variations any significance of weight, but will nut hemtata to ^ 
that the relative amounts of chlorine contained in oceanic waters shovl 
considerable variation. The sulphuric acid was detenuioed in 100 specbDM 
of water. It constituted in tba mean 0403 per cent, of the entin MJ 
present; the greatest difference (0'36 percent.) lay between the 
6-Oi) per cent, and the minimum fi-!U pet cent. The author renurkBliwtM 
again the variation would be less if the unavoidable error nf the araomil 
determination of salt could be eliminated, There are grounds, bower*, 
believing that the amount of sulphuric acid pi-eseut in water is someir 
less constant than the amount of chlorine. On the other hand, alt 
must lie directed to the fact that any regular variation in the propotitl. 
sulphuric tu-id, depending on the place or the depth from wliich them* 
baa been taken, was not obaened. The deterininationa of calciuin carbcM 
were made iii thirty-nine samples of water. The mean result was in JOf 
parts of water O-'JSSi ports of lime carbonate, the maximum being O-SIS pfl 
and the minimum 0'220 parts, So far from referring these variatiouatal 
nsults to differences in the sources whence the waters wet« taken, or nflarfl 



B indicatiuUB of any other chanfre, the mithor Mcriboa thera to erroi 
ent which bel^ame the frreater id these ciisca from the fact of hie hcivinp 
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hUe for eiperiruenta of these kinds. The reaulta are ven" accordant , 
t compared wilh the hitherto published mijilyfies. They support Ibo 
held by the author that the amount of li^ie carbonati} preeenl in sear> 
it'lhowB but slight YBriation, His results do not accord with those of 
(17, who believed that the open sen contained little or no lime carbonate, 
are, moreover, not driven to believe the Tiews pronounced by 
amer, that the sea animals which have shells are able to convert 
sulphate of sea-wafer int<i cflrbonate. The waters of difTorent ' 
Bi appear to mix veiy rapidly and readily. 
lAmm/nia am! JViVi"H' Acid in Atmoipherii; Dep/mlK, — In the year 1875 
I Rgricultural station in Munich, and in 1876 and 1677 atTisiR, di 
irch in Vorarlberg, W. Eiigling made a number ot delerminatione of ] 
conatituents in the rain, and the results are g^ven in his report h 
—.rnutns'a " Centralblatt fiir Apiculturchemie," 1878. The amount of 
hined nitrogen appears from the results ta vair considerably according tn 
locality where the rain wbs collected ; the nitrogen compounds which 
kought down to the soil in the ioiinedinte neighbourhood of large towni 
^nbably couHtderably greater. And the amount wliich fell in tho 
Bu when the rainfall woa small was higher than iu montba whea 
iqueooa deposit was more abundant. These resulu confirm those of 
^gault's retiearches. The average amount of the nitrogen in the pre- 
wUch were collected in Tisis, while lower than that in the Munich 
is greater than that of Paris, where in 1866 Boussiugault found 
the litre. In 1^!76 the average monthly yield at Tide 
gmmme per litre, the ms^immu yield being in October 
the litra, and the nviniiuum 0-00183 granimc per litre 
pril. In the year 1S77, with the exception of September, the mean 
~ ammonia was 0-002.')8 gramme per litre, the mnsimum being in 
er 0-00620 gramme, and the minimum in April being 0-00121 
per litre. In addition to thii<, it was found that the amount of nitric ' 
Sn 1876, with the exception of December, was in the mean 0-00109 
to the litre, the maximum being 0-00431 gramme in October, and the 
n 0-00085 gramme in January; and in the year 1877 the mean yield 
NOI6O, the maximum in November being O<O02G4, and the minimum 
In the CH»e of Munich the mean for the month of 
WM O'OOSCC gramme of ammonia and 000100 gramme of nitric add 
ibe; and during .\pril, on the other hand, O-OOJl-l gramme of ammonia 
frOOlSS gramme nitric acid per litre. It was noticed that during those 
when the ozone reaction was strongpest the muount of ammonia, 
litric-acid-nitrogen were most nearly equal, which points to the conclu- 
tiiat nt these times more ammonia nitrate and less ammonia carbanata 
Snned, not absolutely, but in relation to eftch other. . 

mof FeUpart Artificiallij. — F. l''ouqii^ and M. Li!vy have 
Icsled to the Academy of Scieoces of Paris, the details of the process 
Uch they bate succeeded in preparing a suite of felspars, analogous to 
[^WbkJi occur in eruptive rocks. They employ either natural porphj- 
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rised fulspar or ftriifidal mixturce of tho cbemical constituenU, in ilui 
silicic acid and nlaaiititi, fused corbouftU of potasli eud soda, and ifpuled. 
cftibouate of lime. The mixture is placed in a platinum cnicdbie and lw«l«l> 
to H temperature approacliing tUat at whicb pintinum melttt in a ScUoesin^ 
furnace. The homogeneous maas thus formed, if suddenly cooled, is ieuiDOti 
phous; it must be placed nitkout any delay in the flame of a BuqkK 
butuei mth a blaat attached to it, and kept there for fortj'-tiif^ht houn 
a temperature as little below tbe ptunt of fuaon as postible ; and lh( 
witbout any further pi-ecantion, nlloned to cool in tbe crucible. AltliMi{ 
the mass while fuiied occupies but little space, wbeti heated with tha blastj 
gives off hubbies and presents a porcelain-like appearance. Although 
pocket-leus iails to detect the presence of crystala iu this masi, the mi 
scope shows the material to be made up of crystalline felspar. By this mel 
Fouqu^ and L^vy have succeeded in preparing crystaU of the tliree Tarii 
of felspar which have the lowest fusing point, oHgochtse. lahradoritv, U 
albile, in the forms in which they occur in eruptive roclts ; and they hopo 
further eiperiments to prepare, not only the other ample TSiietJes of tl 
mineral, but the many comUnatioos of them which are known. — (bnffc 
rend., Lcxxvit., 7UU. 

The Liptids Enroled in the Caailieg 0/ Topaz.— T. Erard and A. StvlaO 
hare examined the liquids in some csTitiee of topaz in tbe following niiuUHb 
The microscope, the preparation, and a thermometer were all plac«d m 
water-bath and so kept at an even constant temperature. The water wbs lu* 
to a teoiperature of 30°, and after, in ten minutes, it Iwd cooled to 'Xf, 
was assumed that micro^ope, preparation, and thermometer had all the 
temperature. The liquid euclosed in a cavity was now examined throlig)l IM 
microscope, and warm water was slowly poured in as far removed aa pcen" 
from the microscope, and carefully mixed up iviih the other water, while 
other observer noted the temperature of tbe theniiometer, \VbBB the Itq — _ 
vanished, tbe apparatus was allowed to cool, and tbe return of the liquid olj 
served. Seven cavities in two topazes from an unknown locality were exaniDM 
Each cavity contmned two fluids ; the individual point of limit of eacb at ^^ 
lower temperature to which the preparations were exposed remwned 1 
changed. The liquids always vanished suddenly, and their return in eoctl 
the seven cases was accompanied by violent boiling. It was found that 
one and the same enclosure of the kind referred to the sudden disappWKM 
of the liquid aud its equally sudden return with the accompanying hoilil| 
took place at oneond tbe same temperature, the difference in the ob»ervatia ~ 
amounting to 003", being evidently within tbe error of observatloti. 3 
critical point was found not only to be somewhat diSerent in the CBM of M 
preparation, but in the cfise also of the fluids contuned in one and the Ml 
cavity. Although the sudden disappearance and return of thetiquidU 
pluce at temperatures lying between 2B°'74d and ^'18, the duid in so 
can be pure carbonic acid, the critical pcdnt of which lies, according 
Andrews, at 3(P-02. As, however, Andrews has rinc* shown eipetimaatJ 
that on admixture of permanent gaaes lowers tbe critical point of 
acid, it is proliable that the so greatly expanding liquid contained In 
cavities is a somewhat impure carbonic acid. — MinemlirgiKhi ' ~ 
ttkiie/ui MUUieUangm, i., 460. 
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Gmlnhulimt tu Chemirnt Dynamke. — Dr. Wriglit and Mr. Luff linTC 
Affcisbed a eeeontl report to the Cbenicnl Society im eome points in cbeiniral 
'j^ADiica, snd containing aii account of some further researches on the in- 
" lence of 'dme and temp«rature on the decompowtion of metallic oiddes by 
e three ^eota — carbon, carbonic oxide, and hydrogen. In their earlier 
port they studied iho BCtion of these three su1)fltMices on ferric and 
[pric oxidea, with the result iliat, for similar phyidciil conditions of the 
acting' bodies, the greater the hcat^volution which ncciirs when the two 
ibetauc^ react, the lower is the temperature at wbich the reaction com- 
encee. In the present repnrt Dr. Wright and Mr. Luft' investigate the 
itioD of carbon, carbonic oxide, and hydrogen on a number of additional 
etalUc oxides, including those of manganese, lead, cobalt, and tiickel. They 
live at the following conclusions. In the case of the oxides of iron and 
fiper, which form two definite series of soltv, the temperature of initial 
tion of the reducing agents on the two oxides carrespoudiug to these series 
' aaJts will be the same for each. This is in accord with the fact that the 
me amuimt of heat is evolved in the conversion of a given I'oluDie of 
nrgen into either of these oxides. In the ease of the oxides of the metala 
lead, nickel, and cobalt — wbich form siiperojddes, not corre- 
with definite 8erie»i of aalLijand evolving oxygen on being heated, the 
Dperoture of initial action of a given reducing agent on the superoxide of 
a of these metals is sensibly lower than that of the same ^;ent on the 
ible monoside of the same metal. It is probable that this difference indi- 
tes that less heat is evolved when a given amount of oxygen unites with 
) metal to form the superoxide than would be the coee if the monoxide was 
fermed, which indeed is known to be the case in connection with one of 
tteoo metals — manganese. It ivas also found that the temperature at which 
fcrbonic oxide commenced to act on any metallic oxide was invariably less 
than that required for hydrogen to raact ; whilst we learn that hydrogen com- 
menced at a lower temperature thnn required by carbon. T)ie connection 
which has thus been established between the amount of beat evolved during 
a reaction and the temperature at which the reaction occurs is a point of 
very great interest in chemical dynamics, and in the hand;' of the mathema- 
tician may lead to important light being thrown on the true nature of 
chemical combinations. It points in an. obvious manner to an imaginable 
connection between the velocity of molecular vibration and the attractive 
force maintaining chemical union. This idea is alrengtbened by the remark- 
able fact to which the authors draw attention, that a loug-conUnued 
exposure of the metallic oxide to the action of the reducing agent will 
'elop a sensible chemical reaction at a lower temperature than will give 
to any action in a few minutes. It is to researches of this nature thai 
re must look fur a real extension of our present slight knowledge of the 

of Ohemtstrj-. 

The Yttrium Gruup of Meiale. — In ]8it Moeander announced that Ber- 

yttria was really a mixture of three earths wiiich he named yltria, 

ttitt, and terbia, and he gave a short account of the cliaracteristics of each 

Yttria was colourless and alTorded colourless salts ; terbia was also 

I'COlourless, but gave pinh salts ; and erbia was dark yellow. Subsequently 

~ 'liu, and afterwards Bunsen and Bahr, worked on this subject, but were 
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unable t« God more than two metals in tbU group vbicli the^ termed 
yttrium and erWum (wliioli was really Mosnndec'a lecbiuin). It was Uicr»- 
fora generally supposed tliat tliere were only two metds in Illiit groap, I 
tliat terbium did not exist, Lnst year the subject was token up by MArignM 
and anew by I>:iliifontsJDe. In the early part of last year iJier botk 
announced tliat they hod found a tbird substflQce present besides ytlrium 
and erbium, and Bj^reeiiig well with tbo properties of the third nieliJ ot 
Mosander. 

The new earth, terbia, is of a pure dark orange colour, but on beii 
heated in a current of hydrogen, or at a high temperature in the open a 
it becomes colourless. Its salts are colourless, and have no absorption epe 
truni. The atiimic weight of terbium is SH'!) or 147-7 accordingly as lerlu 
is considered to be a monoxide or se«qiuoxide. The atomic weight o' 
yttrium and erbium are 68 and 114 (or 87 and 171 if these oxidM u 
rc^farded as sosquioxides). Delafontaine now announces the pre^noe of ft 
fourth and fifth metal in this group which he has termed Philippium (Pp.) and . 
Decipium (Dp.) respectively. Thenewmetal.philippium.h 
of about 74 (or 111), and forms a yellow oxide and aseriesof coiourleaisalls 
far more soluble than those of terbium, which when concentrated i^veaiei 
intense absorption band in the indigo blue, a band nut viable in the salt! i 
yttrium, erbium, or lerlrium. The fifth metal, decipium-reBembiesdidymia 
in its properties, but gives three reoiarkable absorption hands in the blue ai 
indigo. Later, Delafontaine has been led ta suspeut the existence of a nxlit 
metal of this ^oup. In the meaawbile, Marignac has atmouuced the di*- 
covery of yet another member of this group which he terms j'tlerbtum (Tb)- 
Both its oxides and iialts are colourless, and are moderately ea^y soluUe- 
They do not give any ahsoi'ption spectrum. Tlie atomic weight of ytterbimD 
is about 115 (or 1725 if the eacth is a sesqnioxide), or nearly that of 
erbium : but if the existence of this new metal be confirmtid, it is probaUt 
that it will he found that Clove and Hoeglund'a determination of the al 
weight of erbiuro was litiated by the presence of j-tterbium, and that it 
ought to be below even Bunsen's vnlue or about 104-6. Chemists will v '' 
with some curiowty to learn whether further investigation confirms the ei- 
istence of these numerous additions to the group of cerium and yttrioia 
metals. 

7%e Alimrptlon f^Kctra of Organic SiAttaiKet.—.\X the meeting of tl« 
Boyal Society for Jantuwy 0, 1H79, a paper was read, by Messts. W. KmI 
Hartley and A. It. Huutingdou, on Uie " Absorption of the Ultra-Violel 
Rays of the Spectrum by th^nic Substances." The paper embodies • 
research which is likely to llirow considerable light on the molecular eoa- 
stitution of the organic bodies. The normal alcohols of the fatty series 
remarkably transparent to the ultra-violet rays of the spoclJum ; but tl 
is an increased absorption of the ullra-^iolet rays corresponding to eadi 
increment of CHj in the molecule. The adds and the normal ethereal ■"" 
derived from the alcohols are highly transparent to the ultra-violet Ifl»' 
IVben, however, the benzene derivatives came to be examined they n 
bund to exert an enormous abMrptiim on the extra-violet rays, and w! 
diuolved in wnier they continued to show marked absorpUon bands • 
T cUlute. The isomeric bodies, containing the beuieno duo 



eshitdt widely diflVrent spwlm, inasmuch na tLese abeotption tmuds rary in 
pofition nnd in intenMty. ThU widelj ditlercnt behaiinur of tlie benzene &iid 
Alcobolic eompounds is n pmnt likely lo jiroye of pervic?, as, for esxDiple, in 
the study of the coaBtitution of tbe lerpene?. 



GEOLOGY AND PAL/EONTOLOGY 
Tar-lhlfif IcMAi/omurju.—Thosv wonderful re^tions of the mevtem l«m- 
lories of North Auiericft from which so many remarkahle fosBil forms hare 
heeo derived show no ngns of approaching: exhauBtioo, Soon after the dis- 
covery of birds witli true teeth bad startled naturaliHle, remains of Ptero- 
dactyles were for ibe first time found in America, and these, following tie 
example of the Hida, reversed tbe accepted order nf nature by exhibiting 
toothleas jaws. Following- np tbis remarhnble eeries of discoveries, ]>ro- 
fwMir Marsh now announces {Ataer. Joiirn. &wnce andArtt, January, 187B) 
the occurrence io Junweic deposits immediately below what have been des- 
cribed as the Atlnnla*aumi[-\ieAt, of the remains of a Saurian, presenlin/r in 
most parts of ita xlieleton the chamcleriEtics of Ithlhyofourut, but tuttrdy 
witAoat treth. He says " tbe vettcbrK, rihe, and other pjitions of the 
■beletoii preserved cannot be distinguished from the corresponding parts of 
IeRthyii«miru» ; and many features of the skull ttlinw n strong' resemblance. 
Tile gODeral form of the skull is tbe aame, The great development of the 
'ftemaiillarieA, the reduced maiillaries, the huge orbit, defended by a ring 
■ "bony plates, are all present ; but the jaws appear entirely edentulous and 
ititute even of a dentAry grooTe." 
The rembins of this Saiuian, which Professor Mai-sh names Sauranodoii 
preserved in the museum of Yale College, indicate an animal eight or 
feet tong, of which the skidl, which has the facial portion much pre- 
faced, makes up about two feet. The orbits are very large, but the sclerotic 
Lg eonsists only of eight plates, which are not arranged in a nearly flat 
Dg.aa in ordinary Icblhyosaunia, but form the basal segment of an elongated 
me, as in the eyes of many birds. 

Professor Marsb regards this curious creature as representing a special 
der of reptiles which he proposes In name Sauranodonta. It seems doubt- 
], however, whether the mere absence of teeth, eilber in this form, or in 
le toothless I'terodactjlec, is a character of sufficient importance to justify 
ihe eetablisbment of a new ordinal group. 
IMtro]ihiillt/e, a m-u- urdrr of Carlxmifenim Plimli. — In April last Count 
wtoD de IJaporta established a new geniisof fossil Gyninosperma, under tbe 
ime of Dolerophi/lhim. upon certain lar^ conical buds formerly referred bv 
rofeseor Gijppert to tbe Musacete, and upon some leaves which were pre- 
tiously regarded as leaflets of NeeggeralJiia or of ferns. These leaves were 
to M. Grand-Eury's genua Doitropiei-ii, which, in liis opinion consti- 
vrith RhiKophytlimi and ApAlebw, b group of plants wavering between 
Strggerathirt and ferns. 
Ml de Sapotta and M. Renault have investigated these plant-romnine, and 
wording to the statements of the former {Comptet rcndui, September P, 




1878, p. 373) ll)ey regnrd them ns forming probnbly nn order, DoI^MpbyllAri 
diaUnct from the SnlisburieiD ttod OordaiUte, nltlmugh spocially ftllied to It 
latter through cettcdn forms recently described in America by ProfcocK 
Lesquereitt. Tho leaves, which have genernUy been mislaken for li 
of Neuropteroid ferns and described under the nnmes of Carth'optrrit, Q/d^ 
pCerit, Nep/iroptera and ^^i/e6in, di Ser clearly in structure friun tiuxo g 
They are simple, wssile, oval, or rounded, eared at the base, thick, eaciMlel 
by a cartilaginous border, and traversed by numecoiu dicliotomoiiB DemiiM^ 
which radiate from the point of Attachmeut towurds tile mnrgin and oftra 
bifurcate several limoa. The nervines were enclosed between twa thick 
lamicK of epidermis, aud are especially charBcterisod by tlie abundaim *f 
gilmmoua ducts, the true atmeture of which is not yet determined, but wMdl 
accompany and surround the vascular bundles, often, when carbomised, fonB 
ing filsments Bubetituted for the true nervurei) which they conceal. Vi 
character recurs, although less strongly marked, in the Cordajteee. Tb 
insertion-scars produced on the stems by these leaves must lare been rounds 
or tmneversely ellipa<ndal, and such scar^ occur upon the stem)* of many M 
called Oalamodendree. 

The reproductive orgitna ascribed to the Dolerophylleie by M. Kenonlt af 
very angular ; and, while differing much from what are ordinarily observed 
in Phanerogamia, they indicate the existence of a Mries of plants ii 
fecundation was edected by meaua cf corpuscles nearly agreeing, although tf 
much larger dimennons and more complicated structure, with the pcdlos 
grains observed in the wicropyles or pollenic chambers of several PalsBoiMO 
Oymnosperms. 

Thus, according to BL de Saportn, the Dolcn^phyllew represent ii 
Carboniferous flora, which was formerly supposed to be so predomimuitlf 
Ciyptogamic, a new phanerogamic element ; in fact, they were related to ( 
whole series of prototypic phanerogams of which the Sigillarieie probflb^ 
also formed a part. 

A OigatUic Triimic Reptile from iJie C"^.— tinder the appropriate n 
of TitanogucMie ferox Professor Owen has lately described before the Owl* 
gieal Society a gigantic reptile belonging to bis oi-der Theriodontia, derived 
from the same Sooth Afiicnii Triaesic beds which hai-e already furnished b 
with HO many remarkable and interesting forms of the same class. 

He stated that among the fossils recently sent to the British MuseumfroS 
the Oape of Good Hope by Mr. T. Bain there were two boxes co 
specimens of a most impromising character, there being in them i 
hones, but only numerous more or lesB water- worn fragments. Among tboB 
was found a portion of a maiillaiy showing- some traces of teeth ; and « 
tions having been made of this bone, the remains of several teeth wora d 
played, including a canine, the preserved portion of the socket of whidi " 
4} inches long. From the number and mode of iuplanlalion of the ti 

concluded that the animal to which tliey belonged resembled tbeT 

it genera Galaaunti and Oalt^opt. The anterior portion of the llil 
iBinus of the lower jaw, measuring 71 inches in length, showed teeth pa 
BCnting close analogies with those of Theriodont^, and this alliance WW DO* 
flnued by Iht study of other fragments. Some of the characters ptwentd 
}ij theie remains seem to suggest allinities with the carnivorous mamiiuS^ 



I lunv lieeii klreadj indicated by the humeri of Tlipriodotits nnd 

le canine tooth of the new South African reptile whs rax limps nslongM 
f the allied form Lt/rontiime: nod wt- iisve in 7'ifinKuucAiMCTidenceof 
a reptile of more camftflsinl type than MofJaiirwhu and other 
a nutbur si^^sts that Tittniosuclita found its prey in the con- 
Pnreioiniiri, Oiideiiodouts, and TapiDocephaloDB of the same 

i Forat on B'mbmi Itlmul—ln Part IV. of the " ludiaii Geo- 
b|p(sl Survey Records for 1878" is an interesting note on a submerged 
tiTESt lately discoret«d on Bombay IsUtid during the excavation for the 
Pliiice's Dock. The strata exposed in this excavation consist uf Bome four 
e feet of surface wit, sujierimpoBed upon a bed of dense blue clay, 
in thickness from 6 to SO feet, but nearly level on the top; this 
i upon loam and " moorum " (a local teroi for decomposed rock), 
■waste of the rock lying immediately below it. This rock is very irre- 
n ita surface, and conasts for the moat part of indurated clay nodules 
fabedded in a hard matris. It is between this rock and the mlt at the sur- 
lice that the submerged forest has been discovered. The trees grew ixi the 
Inoi ud " moorum " in which their roota are found, apparently in »iiu, while 
the stamps penetrate into the blue clay above, iome being in an erect and 
otbenin a more or leas horizontal poulion; innocase, however, do they reach 
into the surface silt. " For a foot or so below the level of the blue clay the 
Wm waa riddled by Trrtdo nasali*, or a similarly destructive worm," and a 
Bik was found to be charred on one ude for a short distance. The largest 
Ball found measured 46 feet in length and 4 feet 8 inches in girth ; 
pl some of the timber, which is of a dark rosewood colour, with a 
nu^t grfdn, was quite sound. Frooi the fact that the roots of these trees 
"MB found at a level of from low-water extreme tides to twelve feet below 
lint line, Mr. Ormiston, the engineer, supposes that the land must have sub- 
id at least thirty feet ; hut Mr. Blanford Biiggeats that did the trees belong 
a Ancennia or BrugvKTO, they might perhaps have grown in 
h-marsh, a supposition supported, he thinks, hy the presence of Terrdo 
' 1 some of the stumps, and that, were this the case, it would ma- 
lUy affect the calculation of the depth to which depi'esnion has taken 

y of ^finorca and Majorca. — M. IL Hermit* gives a description of 
■ Ifeolog^cal structure of these two little-known islands (Qitnpta rendu*, 
Dweinber 30, 1878). HGnorca is divided into two very distinct parte by a 
Une running from N.W. to 8.E., or from Mahon to Algoiren. South of this 
lina is an undulated plateau with deep ravines, formed of nearly horizontal 
IlleanouB strata which abut against the greatly raised strata of the northern 
fen. The latter contains the oldest formations of the Balearic Islands, 
■Hly, about 1,000 metres of giey or greenish schists and sandstones, show- 
R vegetable impressions (falaini{f«), and having towards the middle of 
w system some calcareous deposits containing fossils belonging to the Middle 
^Winian. The upper portion of the schists and sandstones, therefore, pro- 
^bly represents u member of the Carbon iferous formation. They are fol- 
towed by fine-grtuned red or white sandstones with traces of plants, 




500 metres in thickness nnd bdonfring to tlie Truw, TIk nuliest Ju 
bed* belling to the Miildlo Liu ; these are foUowvil by uoroKilifeioiu 
slaoes (mm^lioiea dolomitic) : and tlie uppermost lUesoxoicd^poBitaKrewfail 
limestones witb Neoconii&n fossils. ,U1 ihese slritta urc lilted at « 
nngle, and agiunst tliem, as above staled, abut the Middle MiiHiaoa I 
stones nbich fonn the greater part of llie noullieru region. Beceot 
careouB depoeita containing SelLr rermu-uiarii and Mine frogiueDtA t>t au 
fossils attain to n considerable extennou, and re^^t indiffOTetitlr upon 
Uiocene and older bedfi, indicating a groat descending movement at the 1 
of their formation. 

In Majorca the oldest deposits are red sandstones tTriaaJ, andtbeaeuc. 
with onl; at one »pol on the coa^t. Above these there ia the same 9U0 
sion of formations as in Miuorca ; but the Middle lam fossils ar« oalj to 
ia a few localities. Aboie this are about 400 nifilrea of limestones, 
uufoasiliferotiB, which probably represent a great part of the Ji 
strata : at the Puiz de Lope amniouites occur wliich seem to indicate 
pres(^nee of the Oxfordian ; and the series io crowned by limestones i 
laining Oepbsiopoda, which indicate the hcrixoii of Ammonile* trtnuilm 
The Neocominn is greatly deyeloped, and contains n Sue fauna. If the ul 
beds are wanting, the Tertiariee, on the contrary, are much better devalo 
than in Minorca. The lowest stage of these is a lacu^ne liineslone « 
beds of lignite at its base in some places, which the autlior rvgonb ii 
Lower Eocene age; it was thought to be supra-nummulitie by ItainM,. 
is orerluM by the Nummulitic limestones. The lake in which 
were thrown down was more than BO kiloui^tres in its longeet diameter. 
Tie Slanvtfidil Mamnudi.—lt has long been known tliat in the K><d 
" Stonestield slate " of Oxfordshire, a part of the Lower Oolite formaiion,: 
remains of mammalia occur -, in fact, four species, belon^ring to three g«« 
are recorded by Professor Owen. Ofthew.the moat ancient nuunmalsil 
the MicnJfif'-i of the Keupet of "Wiirtlemberg, which is knnwn obIt fr 
teeth, the only traces hitherto described have been the lower jaws. P 
fessor ^ley has nonoiiaced to the Geological Society (February 3t, 18T9)' 
Uis discovery, in slalM of i^toneaSoId state which have been presemd ts 
many years in the liritish Museum, of two small bones, winch, 
tion, were found to present mammalian characters. These am a fenat> 
a humerus; and as tliey nearly correspond in sine, and there is no eride 
to the contrary, Professor Seeley preferred to regard them 
belonging to the same species, and from their eharactats ht 
assonnte thera with the jaw described under the name of 
Tliey are considered by him to indicate a special, probably 
monotremc type, with mnraupal tendencies, such as, on the 
evolution, might well be supposed to occur early in the liistonr of 1 
tnalia. It ia to be bopi'd that the detection of these tnlerealin^ 
may lead to a careful exarainat4on of the slabs fWini Stonesiield wludi 
in many museums, and that the search may be succetsful, 

ConodmiU. — The curious minute fossils described by Pander 
■tune of Cunudonts, and regarded hy him as probably the teeth 
teiy low nrgnniiation, luve been detected in great nbundanre by ' 
tlinde in rack^ of the Chaiy and Cindmiati groups of the Cambro- 
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BCIKBTinC SDUtUBT. 

Ftbe Bftmilton Bad Oeoesee-Shale divisioos of the DeroniaD in Canada 
bs United States. In a paper read before the Oeok>gic«l Sucietjr 
1l 13, 1879) that gentleman described a great number of foniii of 
bodies, includiufif moat uf tbciB« Sgured by Pander from RuMiaa 
im roclra, and some not previously met with. In the Oha»y beds tUey 
Hociated with numeroua EntomoBtracaa cnistaoea of the K«nus Leprr- 
« few tnlobites, and some gaateropods ; in the Cincinuali group they 
irith varioua fossils ; and in tlie DoTonion priodpally with iiah- 
u ; but none of the associated fossile furmah any clue to the true 
I of Iheae problematical bodies, Mr, Ilinde rufi^rda their zoological 
boahip as very doubtful, but they moat resemble the teeth of Myxiooid 

il SemaiTit ••/ Anne/iih. — At the same raeetinff of the Geolopcal 

^ Mr. Hinde deacribed nameroua jawa of annelids which be had 

Md from Oambro-Siluiian, Silurian, aad Devonian rocks in Canada, 

Kn the Lower Carboniferous of Scotland. The existence of a 

the deposition of the older roclm baa hitherto been evidenced chiefly 

occurrence of their Inula, and of a few impressions of their bodies 

mer being a very uncertain ground, seeing that in some cases, at any 

fte euppi>sed anneiid-trails have been proved to be the tracks of crus- 

Uf the nature of tbe fo»uls described by Air. Uinde, chiefly ob- 

from shallow water deposits, no doubt could be entertained ; bft 

their close resemblance to the jaws of existing annelids, and indeed 

loabled from these resemblances l« refer them to well-known familii». 

enumerated fifty-five different fonns of these minute bodies* 

If from Ihe Cincinnati group of Canada ; and classified them under seven 

Ib, five belonging to the family Bunicea, one to tbe Lycoridea, and on» 

ifcGlycerea. 



MICROSCOPY. 

of Invtttv/ating thf Embryot of Fi»he». — M. Henneguy has com- 
Mted lo the Philomathic Society of Paris the description of a method 
Bparing the embryos of fishes and other similar objects for microscopic 
ws. He places the ovum for a few minutes in a 1 per cent, solution uf 
acid until it acquires a light brown tint, and then in a small vowel 
oing Miiller'fl liquid, in which be opens it with fine ecissora, when ths 
1 vitelline mass dissolves at once in the fluid, and the solidjlied germ 
leitractedfromtbeovumforeiamination. By treating the germ with a 
Ion of metbyle-greeu and then with glycerine ho has been able to observo 
cells of segmentation those very delicate phenomena which have been 
described by Auerbech, Biitschli, Strasburgcr, Hertwig, and others, 
g that the treatment to which the ovum had been subjected did not 
ha elements of the germ. 
the purpose of making CTOSS-»ections of the embryos, M. Ileoneguy 
tbem fur some days in Muller'a liquid, and colours them vriih picrocar- 
1 of ammonia. He then tie&ts them with alcohol of spec. grav. (}'828, 
tfterwards with absolute alcohol to frev them from « 
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r twent^'-rour hours in collodion. Eacli embryo is then A 
pan a small plate of elder pith soaked in alcohol and covered with 
of collodion, and TCben tbe latMr has arrived at the pMper »)DUtt«l 
thin sections maj be made through tbe embryo and the pth. The] 
be preperved in t'lycerina. The proce^ has the ftdvanta^ of ecablliig 
see the precipe point nt which ecich section h mtule, and there is no o 
to free the sectiona from the collodion which encloses and holds tl 
place.— Mill), aiul Mag. Nat. Ht^., March, 1879. 

iVewri'nf ton of Jnfuioria, — M. A, Certes hsa communicated 
French Academy of Sdences (Compttt rmdim, Slatcb 3, Id~U) an ■ 
of a proce» which bedescribes as very successful in the preacErvstion 
Infusoria, — He says that the preparations exhibited in illustration of b 
showed " varimis species of Infusoria, fired instatitaneoualy in thwr 
the emslleet details, cilia, cirrhi, fla^lla, buccal annalure, can be ob 
under the highest powers; the green Suglenaand Paraiiuvia reloii 
characteristic colour. The nucleos and nucleolus, coloured artilicially, 
out clearly, aud show, when these occur, the curious pbenomenft sc 
described by M. Balbiani"in IBG^. A process offering such rmoltaai 
is worth knowini;; the following' is the author's account of it. 

For the fliation of tlie Infusoria be employs oamic acid, either in tllC 
of vapour, or in a solution containing two per cent, of the add. I 
former case tbe Infusoria pbu^ upon a prlnss slide may by exposed t 
vapour for from lU to 30 minutes. With very contractile sp«nea he | 
a drop of the eolation on tbe covering glass, before placing it upon tbs 
of water containing the animalcules. The excess of liquid under the CO 
then removed by means of blotting paper, and thus a slight pr^sure, a 
be advantageous, is produced upon the spedniens. Two opposite sidea < 
thin glass are then luted down either with paraffine or with Canada Ba 
and the prepatntion being' thus secured against displacement, the coloi 
material and the preservative may be introduced. M, Certes mall 
soluble aniline blue and eon oe as colouring agents, but^vee 'be preferen 
Ranvier's picrocnrminate of ammonia, which be employs combiued U foil 

Glycerine 1 part. 

Water 1 „ 

Picrocorminate .... 1 „ 
In tbe introduction of glycerine the author follows tbe method rei 
mended by Ranvier in his " Traiti d'Hiatiilojfir'.'" He places in a d 
chamber the preparations fastened aa above described, and puts a dn 
the coloured glycerine on the edge of tbe covering glass. The water er 
Utes very slowly, and in twenty-four hours the film of water between 
8 is replaced by dilute glycerine, which may in its turn be replacei 
Kitrated glycerine by the same proi'«ss. The beat varnish for da 
m yiBpuations according to M. Oertes ia dry Oantula Balsam disBoIve 




PHYSICS. 
Vibratiom Cataed by Ueiit. — Lord Bayleigh, in a recent M 
'JtX Inetitutioa, drew attention to some forma of this phe 



r Iniefiy naniinir TreTelyan's Hncker*, Sondhsuan'a experiment wm 
D, in wbicli, -when a bulb about tbree-quartera of an inch id diameter 
mm at the end of a narrow tube 5 or 6 incbei long, ti iound is beard 
«diiig from tbe heated glass. The original observer showed that ths 
.tion of th«< glass itself is no esaeDtial part of the action. 
B closed tul», hot at tlie closed and cool at the open end, he con- 
ed; if the adjustment of temperature were ingtantaneous, heat would 
no effect in producing libration. But as it fAkes time, it follows that 
le phiue of greatest condensation beat i» received by tbe air, and at tbe 
K of greatest rarefaction is given up from it, »o that th*re is a tendency to 
Tibrations. A great range of temperature is necessary for the 
Btenance of vibration, and the transfer of heat h unfavourable at the 
d end, where ths motion is small. Hence, probably, the advantage of 
hilb. 

le sounda emitted by ft jet of bydn^roD burning in an open tube are in 
wnre due to the column of gas in tbe tube which suppUes the jet. If 
: be plugged with cotton, no sound can be obtained. 
hen a pece of line metallic gauze stretched across the lower part of a 
::pen at both enda and held vertically is heated by a gas flame placed 
r it, a sound of considerable power, lasting for several seconds, is 
1 almost immediately after the removal of the flame. It seema to 
a draught impinging on the heat^ gauze. 
& complementary phenomenon was discovered by Bosscha and Ries. If 
it of hot air impinge on cold gauze, sound is produced, hut, to obtain 
prindpal note, the gauze miut be in the upper, not in the lower half of 
■ tube. 

Onthr Ani^miiil of thfOrganof Hearinrf in rtialion to the Principle of th* 
— Dr. J. D. Macdonald, F.U.S,, very ingeniously pointa out tbe 
I principle between the vibrating particles of tbe microphone 
t the otoconia and otoliths in Pteropoda, and others of tbe lower animals, 
n the malleus and incus in the human ear "correspond not only iu 
re, hut also in function, to the objects from which their respective 
ecare derived, answering very important ends in the faculty of audition." 
de ObaumoDt note^ the influence of moisture as in Mr. Blyth's experi- 
Its- The otoconia, endolt/mjih, and vatibule of the ear present a complete 
I of B microphone. 

%» EUetriral Gyrotcopr. — The value of the gyroscope as a means of 
Ring the earth's rotation independently of any astronomical observation, 
U luirdly t* have been appreciated. This, and another noble experiment 
the same purpose by means of a long pendulum, are due to the ingenuity 
belateHoos.Foucault. The iatterwaafreelydemoustratedat thetimeof 
h(l announcement in many of our large public buildings, especially in the 
IcMe Obaervatory, at Oxford, Its simple relation to the sine of the 
hide of the place of observation renders it tbe more valuable. But 
Ikerto there has been some difficulty in showingthe more compact form oflhe 
uphy&cal law which the gyri}scope furnishes. Mons. Foucault himself at- 
D^d the necessary end of a durable rotation of tbe heavy disc by means of 
tsUent mechanical construction and the avoidance of all unnecessary 
In the Loan Eiliibitiou at South Kensington one of liia original 
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i[i9trunii;uU lay unheeded ia u dark nnd mlitarj cnrner. Had tliii 
[1 UI-appreNaled nucleus nf an Engtiah Omt^rrnlotrr det Arit m 
itmed longer, tbia and manj other hiEtarical mstninieiitA of ioe 
value, would ia time have received due nttentioii. 

The disc WB9 furuiehed with & smnll driving pinion, and beiug 
from its delicate auBpeQdioti, waa dropped an the top of a vurticaJ 
driviiig apparatus of multiplying wbeek, terminatini; in a handle. 
thua whirled up to a high velocity, and then gently lifted off tlu 
apparatus into its position of euspennon. The rotalion thua impait 
be Buatuned for above an hour, and even more in a fair vacuum. I 
[ the firet it was essentially moribund ; and it is only recently that an 
has been Buccesafully mode to render it self-«upporticLf;, llie macl; 
siste essentially in a wbuel of very heavy rim, fn^ely eupported ii 
points. If the frame in which the wheel turns be itself euspenc 
Becond frame, so that the axia is unconstrained, the poution of oiigii 
tion will be maiutained independently of the nintiiiD of the earth. T 
of gravity in tending to keep the di»c in n fixed puaitaoD, relativi 
earth's surface, ia in fact annihilated. A bond fixed to the frame L 
the wbee! revolves will move over a divided circle attached to th« 
the inBtrument with an angular velocity equal to 360° multiplied 
sine of the latitude of obaorvalion. 

It has been ingeniously su^ested to apply this motive power by i 
electricity. Cliwkwork and weights or springs are evidently inadi 
Mr. Q, M. HopMns has overcome constructive difficultiea, and rendi 
instrument of great practical value. 

The disc carriea a soft-iron armature close to the face of a small 

magnet included in the frame. An insulated contact-spring is am 

touch twice during each rotation, and to cause attraction of the ai 

One battery connection is made through the supporting pivot, the ( 

means of a wire dipping in a ring-shaped mercury cup. Two c 

Buusen's cells ore sufficient to maintain rotation at the necessary vel 

Dilatiitioti by Eieclrkiig.—Moa». Duter drew the attention of the A 

det Suiencu to the fact that when a Leydeu jar is formed of a iol 

encased in tinfoil, and tilled with water or a aaline solution, oo ita recv 

electrical charge the level of the contained Uaid sinks appreciably : 

charge it inatantly resumes its former level. The natural conclu^on 

the glass of the jar dilaltis. This phenomenon occurs whatever be th< 

of the armatures, foil, water, or mercury. If the jar thus formed ht 

in an outer tube containing fluid, and acting oa an outer costing, tl 

aacendd, wbDe the former sinks. On discharge they both return I 

former level. It is, therefore, obvious that internal capaci^ and f 

Tolume increaae during the charge of a Leyden jar. The phenomenoo 

Eke due (1) to rise of temperature, ns it nuddenly disappears on din 

■tM (2) to electric pressure, which, being the imme on the two fiuM 

KUfllectric, would tend to diminish its volume ; nor (3) to the t 

■attraction of the electrified jar for the liquid, since it ought, in thia 

g.iaak in the out«r jar also ; nor (4) to differences of thn poMlive and ii 

for if the communications be reversed the direction I 
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TA« ^icrorhtonuter. — Mr. J. U. Il&nwny f^vea tbe aboTU i 
UHtrument for lUeHsuring the pfasnumena of tli« flow of liquids through 
O^I^Uan- tubes, which hae be«D termed " tracapimtioa,'' n word alraad; 
&PpUed to a totally different process ucciirriDd: in gases, Ijut for which hu 
jropoees to Aiibetitute the tcrui " imcrorhennis," which has the defect of being 
iomewhat bn.iy in its etymology. The a-pparatus is so arranged that when 
t!ie liquid is introduced the pruMure and tempera tiirp, iis well as the atmo- 
ephcre in which the experiment is conducted, may he rnried, while the 
tlumiometer is at the mean point of the aystem. The determination of the 
teUtbn between tbe chemical compoeitjon of n liquid, as well as its tempem- 
ttae and its rate of fiow through a capillary tube, was origiaally worked ont 
with great accuracy bv Poiseuille as rpgords pressure and dimensions of tube. 
b examiniug Mtiue solutions he used percentnges instead of equivalent 
nlutis of the body diei>olved, and in cunsequeuoe could malie nothing of th« 
muDbers Hrrived at. Water runs about live times as quickly at 100° 0. 
» «t 0°. Mr. Hanway gives a curve for water from 0° to 100°. the differ- 
»me of rate being analler ee the temperature rises. 

In saline solutions the rate of How does not depend on any of the 

mechanical features of the salt, such as crystalline form, specific volume, 

■ohlnli^, &a., but on the mass of the eletuenta furming the substance, and 

amount of energy expended in its formation. Each element bos a value 

)WD, which is continued in all its compounds. The greater the com- 

vaiue of an element the higher its rate. The flow also varies with 

amouot of energy in the compound ; thus nitrates stand highest, then 

I, and lastly sulphates. 

of PowerfiU Mrctric Current!. — Mr. John Trowbridge, of 
Univendty, contributes a paper on this subject to the American 
of Science. He divides the methods into four — 1, the galvano- 
artric ; ^, the electrometrie ; 3, tbe thermal ; and i, the eleclrodynamn- 
MHlic No. 1 requires the galvanometer to be shunted by a wire of very 
mil resistance. Any error in measuring this small quantity, and any 
liaiting of the shunt itself, multiply the whole observations by tjiew errors; 
'(■Ived, a large qitaiitity is measured by operating on a small fmctioual pert, 
:i>e hitudredth or the thousandth part of itself Method No. 2 takes the 
MeieiiL'e of potential of two points in a closed circuit, and is liable to 
Inkage and want of constant charge in tha electrometer. No. 3 depends on 
Iks law that the heat developed iu a drcuit^C'IU, and can be deduced 
than measuring the rise of temperature in a given volume of water. IL ia 
Bible lo errors of conduction, radiation, and of thermometers. 

Method No. 4 employs Weber's well-known electrodynamometer, eon- 
<ilting of a movable coil hung from a bifllar suspension which conducts the 
RiRinit, between fiied coils on either side of the movable one. Hut such an 
intrument, as ordinarily constructed, would be quite incompetent to convey 
4s large currents to be tested without heating and disorganisation, Shunts, 
Uaborif stated, are to be avoided. 

The instrument actually used is deacribed. The large fixed coils are of 
Mppci hand, thirty-tive mm. breed and one mm, thick, iu six turns each, 
iMlated with vulcanite, and left their own thicbuess apart, so as to allow a 
fte orcolation of air. The cui'ient was not sent thiough the bifilar suapen- 
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1, which oould, tbereTore, be mtule of eilk. The mOTsbla oml is « 
'e of a rod aartyiiig at the top a mercury cup, and dipinng iala aa 
^y its lover point. Doth these were kept cool by n free dtrulMu 
water, aa in tlie '* tuyeres " of a blast furntice. No dtlKculty from bo 
wM erpeiienced even with cun-euls of 80 Wabew. The reaiataQces 
large bands of German wher of the value of 1-lOth of au Uhiu. 

With this apparatus the Wilde, Gramme, aud Sieniena Diachiaiw 
compared, with the result of placing- the Gramme fint, the Sieniens sel 
aud the A^'ilde third in eiGciency, although theoretically the Siemmu tl 
^re the beet result ; but it Buffered the disadviuilage ia these expeiimH 
being run at a lesa speed than the others. 

Abioiute Pitch. — An bgeniaus method for deterniiaiu^ this was tm) 

brought before the Musical AMOcialion by Lord Bayluigh. Itdppsni 

the prinriple that the absolute frequeni^ies of Tibmtion of two mtti^ml 

I can be dedut^ed from the interral between tbeiu, i.e., tbe ratio of thd 

I quenciea, and the number of beats which they occasioo in a given time ' 

Bounded together. For example, if .c and 1/ denote the frequencies ol 

H whose interval is an equal temperament major third, we knav 

1-25992X, At tbe same time tbe number of beatH heard is a M 

depending on the deviatioD of tbe third &om true iulooation, is 4y — &I 

the barmoiiiuiQ these beats are readily counted with the aid of a KM 

tuned to the common overtone, and thus are obt^ned two equationii 

which the abaoluie falucs of .1 luid y may be found by the umpleal 

This method is not, however, practical hi the case of tbe hamui 
b consequence uf tbe pilch not being eufficiently coDstant, even whg 
' blowing is carefully conducted with the aid of a pressure>-g&i^ 
slightest change of Interval being fatal to success. 

It is, therefore, necessary to be able to check the accuntcy of the il 
Buppoeed to be known, at ttie same time that the beats are bung M 
The equal tecuperameat whole tone is intermediate between the 
and the major tone, lying nearer to the latter. Regarded as a dt< 
major tone, it gives ?!ow and, as a minor, comparatively quick beats. 
can be heard at the same time, and, when counted, ^ ' 
laling the absolute pitch of both notes. If x and y be the 6 
notes, n and b lhu»e of tbe alow and quick beat 
».!• -By = a 

t9 y - lOr ^ 6 
whence 
: 



quick beats. 

equslVH 
rhe aathorl 



y - lOn + 04 

I method in no way assumes the truth of the eqnfl 

whole tone. Four experiments are ^ven in detail. The i 

that very oecurate resnlta loight be obtained by the introduction of 

modifications. It is, however, impoesihle for ore observer to coul 

sets of beats at the same time, or even one, without the aid of reHon 

Further ntlempts at accuracy would be useless, for the cause above 

•• the comparison with a tuning-fork were simultaneous with tl 

■tious ; and more obeeners would thus be required. 
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X^Urtion and Ji*/rnrfi".)n,— WitUn ths Inat few years Pwfessor J. Olerk- 
owell has ahowD the possibility that all electrical phenonjena ore due to 
iniirea id the wtue ether, and this has lon^ Wa Ht>8umed hb the means of 
I propapntioii of light. ActiDg upon tbis aaatimptioa, be baa deduced 
lat the laws uf traDsmisMou of li);bt IQ urdiiiary crystalline and ma^~ 
tittd media would be, and from such deductions be arrived at the laws 
tiiese phenomena. In a paper recently read before the Royal Society, 
i. 0. F. Fitzgerald, F.T.C.ll., investi)CELtvB (be laws of the reQection and 
htction of light upon the same assumptiot], and be baa obtained tbe samft 
nltias Profeaaor N'Oulldgb lon^ ago deduced f^)m his theory, and which 
a known to represent altnost exactly the laws of reflection snd refiTiction 
the Borhces of ordinary and crystaUine media. StUl furtber, he invesd- 
ted the laws of reflection at the aurfacea of magnets, with theoretical 
Mlti which essentially agree with and completely confirm Mr. Kerr's re- 
ntly published experiments on the reflection of light from the pole of a 
ipiet. 
79« Mngic Mirror of Japan forms the subject of a communication 

itly made to the Royal Society by Profs. Ayrtoii and Perry. 
Iti distingutahing property is that of " apparently reflecting from its 
~lhed face the raised characters on its back," 
be mirror ia of bronze, convex, polished with a mercury amalgam, 
bearing at its bark a raised design. 

!l Oharles Wheatstone, in 1873, appears to have noticed tbe instrument, 
that the maker " scratched a pattern ou the surfaci', which, after 
1^ polished, showed no traces of the scratches when looked at directly ; 
when used to reflect tbe sunhgbt on to a screen revealed the pattern as 
ig{tt image." 

t early, however, aa 1632, Mr. Prlnsep hod given an account of the 
Orinthe" Journal'' of the Asiatic Society of Bengal, concluding that "the 
parts are slightly convex with reference to tbe rest of the reflecting- 
KBt" and thinks it probable that " port of the metal wax by stamping 
ered in a degree harder than the rest, so that in polishing it was not 
I away to the same extent." 

irious explanations had been offered by Mr. Highley, Sir D. Brewster^ 

others. Even the Roman writer Aulus Gellius appears to have been 

'lit«d with tbe instrument. 

authora of the paper saw that the employment of beams of light of 

nt dcffreea of convergence or divergence would furnish a test for de- 

the cause of the whole action. Molecular ditferencea of surface would 

cUcally independent of these factors ; whereas if the effect were due 

dons of tbe surface being !esa convex than the rest, a complete iuvet- 

of the phenomenon might be expected to take place under proper coa- 

Thb was found to occur, 

method of producing this distortion by means of an iron rod is 

^NRHnouj Gock Diali. — Dr. Flenry Morton, President of tbe Stevens 
ute of Technology, publishes interesting details on tbis subject. 
•de an analysis of the substance with which tbe dials are coated, and 
it to consist of the well-known phosphoreacent compound, sulphide of 






calcium, attached b,v meaoa of come lesiiioua medium, lik* vanush. 
tlie malcriol is lar from DUTel, its method of manufacture and cotweqa 
condition give it such inteoiitj oa liaa never heea appmarlied before. 
light given out is a violet-blue, like that which B»?i]^uerel produead « 
arregooita. Some portionH glow by phosphorescence mticb iuor« bri^ 
than others; evidently this difference depends upon siuall etructunl 
molecular variutioni. If further advances be made id this direction wo 
fti! results may accrue. Tliiu, if walls were painted with such a auha 
they would absorb light enough during the day to ccotinup luminw 
night, aud render all Bnurees i>f artificial light useless. The rnloOBii^ 
houses on the outside with a like material would also evidently obriaUt 
need of Btreet-lampe. He does not expect that thia remarkable a 
Domical source of light will displace gaa and all other eourt 
illumination, but this new form of the pbosphoreeceDt sulphide of ealdid 
made of the cheap materials sulphur and lime, b a truly wunderful n 
Btance, wbii:li may well suggest strange possibilitlea for tbe future. la I 
cabinei of the Stevens Institute are numernus apecimeoa of phosphorBSH 
powders^-sulphides of calciiun, barium, and strontium — whicb represtinttl 
best products heretofore obtained. These, if exposed to strong eusli^i 
to an electric discharge, vrill g-low for many minutes in the dark. 
these clocks, however, he found, would coutinue to glow W-ilh si 
hrightnera to be visible across a room all night, and could be read at M 
time, if approached closely. After being shut up in a boi for five days tt 
clock was still visible in total darknees, when the eyes had been n 
senaitiye by remunic^ in tbe dark for a few minutes. This clock-dial b al 
readily " escited " by lamplight or gaslight, or indeed by any source i 
containing rays above the yellow of the spectrum. The light from a 
burner with soda iu the flame, if Altered through veliow gins, will 1 
excite it, but the blue rays of the Bunsen-bumer flame will. ~" 
the action is believed to be somewhat as follows i^Wben light falls I 
certain bodies its vibrations cause molecular changes which are i 
nent. but are only maintained by the aclinn of the "exciting" 
aomewhnt as a mass of plastic sulntence can be kept in a soft coDditton 1 
constant stirring. When the exciting cause is removed themoleculea V 
to their normal positions, and in so doiug set up vibrations which anl 
cause of light, very much as the solidilying of water evolves heat, 
these bodies, when exposed to daylight, absorb aa it were the light ei 
and re-emit tbe some afterirards. The phosphorescent property of anl 
of calcium has been hnowu mdcb 1T6S, when Canton prepared it by he 
together int«.-ose1y fur an hour three parts of calcbed ny^tei^hella andl 
part of sulphur. Its properties in this relation have hei-n elaborately t< 
by Becquerel, who published his researches in the "Aunaleti da OhimiB at 
FhyNque/'and has also devoted a large part of the first volume of hisbo 
"Ia Lumifire," to this subject. He foimd that by employing lime in i 
fei«nt forms, such ss Icelandspar, marble, oyster-shells, arragonite, Jbc, ] 
ducts emitting diflerent colours by phoephoresi'eDce, such as orange, yolb 
green, blue, and violet, were obtained. 

CoSimafor A^aitinml.^Mi. A. Schuster suggests to the Physical 8o8 
leans of adjusting tbe collimator of the spectroscope ; tboordiN 



ess of fociusiag the telescope to a distant oliject, find the collimator to 

focus ao obtained bein^ only Bpplic».bl« to the meiui rav». tinil uselaaa 

Dth quart! lenses and ultra-violet undulstiona. It CODsijft^nf conseeutiTe 

ins. If the collimator be out of adjustment, there will be two 

)fitione of the prism, one on either .^ide of the niinimum d«vi«tion, wbicb 

ill hnag the dt^ired raj into the field (a and b). 

In positioD A the telescope is to be focussed to distinatnew; ; iu pocition b, 
K collimator. After three or four triala no change of focuH is required, 
nA the adjustment ie mode. 

TbeoreticaUy, the method requires nbgoluleW plnne fnceg to th« prism, 
h are difficult to obtain : but praclicnlly the change of adjuetment thus 
ired ia very small, not amounting to more than one-hnlf per cent, for an 
Kceptionally bad specimen. 

Tie AcouMici of Audiiori/i.^Mr. W, W. Jacques contributes to the 
lI of the Franklin Institute some facts of coneiderablfl value on thii 
l^lected subject. 

The first is a laboratory inveatigfttion into the effect of ciurenta upon aray 
«f tound ; the second and third studies, br difletent methods, of the effects of 
lir in h hall or theatre upon the waves of sound. 
At a point A WHS placed a source of sound, and at B the ear. Between 
fteie were placed substances heated so as to produce currents of air corre- 
i^onding in density to those found in an auditoriiuu. With n small leaden 
ogao-pipe the iniensily was increased, but the difltinclness impaired. The 
le effect occurred with a clenr voice, nccompaaied by a sensation of repe- 
On the violin the effect was less, and with a druiu nil. 
■ In the second experiment the sound-waves were actually traced out in 
ice, and th«dt confusion consequent on introduced currents of air demon- 
it«d. A platform 6 feet wide and 13 feet lon^ was set on end in a room 
B feet long by 66 feet broad. On one eide was a B, slopped oi^n-pipe, 

71 with a constant pressure of air. 
' Within the sound-shadow of this sci'een a ayptem of cowirdtnates, in a 
e parallel with the Boor, was set up by means of light rods divided into 



d been shown by the author that rays ofsound diver^ng from Bucb a 
dil&ncted round the edges of the screen, on meeting after having 
through paths differing by half a wave-length, will neutralise each 
and produce comparativo silence. By moving an uniwon resonator 
ong these co-ordinates the points of interference are easily detected, and 
« found to be situated as those of the diffraction of light. This was done 
I a dosed room with still air. The doors and windows ware then thrown 
MD, and stove registers allowed to admit streams of tiir at nearly 100° 0. 
be diffraction phenomenn instnntly disappeared. 

The theory thuj" corroborated was applied to the Hultimore Academy of 
[nsic, which is specially arran^d to prevent the formation of lur-currents of 
tuequal density. The whole supply of fre.'^h air is admitted at the back of 
warroed, and led across it to the proscenium diagonally towards 
fta roof, passing into the ventilating tower over the great chandelier 

of about 16,000 feet per minute. The room is singularly easy to speak 
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EiperimenU were made bj revereing the TeotiiatiD); valves, and ti 
showad distinctly that (food or confused hearinfr depended very mUtMj 
on the amount and direction of the ur-curretits circulating ii 

Eiectromatfnetk notation of /.he Plaae of Folan»a(i"n in fapovr n/ SulflA 
of Carbon has been iavesti^ted by Kundt and Itiintgen. Famduy Tailed la 
detect this pbeuomeDOQ in g&8es gt^cerally. As iron tube was closed alth 
ends 1^ glaas platea and surrounded with a Hteam-chamber. Tlii* Istttt 
was encloBed in six large coils of wire traversed by the current from sMJ- 
four large Biinsen Ct^Uti, The temparature waa tlien raised to that uf boiiiitg' 
water, and a pencil orpolorieed light was extingiibhed by a Nicol'a primi u 
analyser. On passing the current the Held hrightened distinctly, and still 
more by commutation of the current. This rotation fallowed the ditecdoii 
of the positive current, and amounted to about 30' of arc. 

The same rotatiun was afterwards observed in gaseous sulphur 
100° 0., and at a preesure of tweuty atmospheres ; also in solpburettad 
hydrogen at the same pressure, and at the ordinary temperature. Air Uf to 
twenty-live atmospheren gave no results. 

Vdocity of verji Loitd Soundt. — Mr. W. W. Jacques communicates MB« 
experiments on this subject to " Silliman'a Journal," from which it appMi* 
that— 

(1) The velocity of sound is a function of its intensity. 

(2) Experiments in which a cannon is used contain an error, probaMydQs 
to the bodily motion of the air near the cannon. A low musical sotmdlliaiiU 
be used for determinations of velocity, 

A Current flf^ti/n/o;'.— r>r.8iemens brought before the Royal and Phywol 
Societies an instrument of thia character, depending for its action o 
heating effect of the current. In tiie earlier form of apparatus a fine stli|io' 
metal, rolled very thin, was attached at one end to a rigid support, canirf 
over a pulley, and fixed at its other extremity to a lever connected witlil 
series of contact pieces joined to resistance-ccnls. 

In the later form a similar strip of mild steel was stretched acroMtbt 
bottom of a cylindrical box, canyin^in the middle a eliding bar or pin reslilig' 
iy its end verUcally on the strip. According to the expansion of the stnpbj 
the heat of the current, the pin ia depressed or elevated, and a cireultf 
series of short nsdstance-coils ts introduced one by one into the t 
The included resistance is thus increased by a risenud diminished by a fall of 
temperature in the sensitive xlip. Dr. Siemeu.''.in describing this compeft- 
sating action, said : " Suppose that the current intended to be pasaed thtoi^h 
the instrument is capable of maijitaining the sensitive strip at a tcmperatun 
of, say, 60° 0.. and that a sudden increase of current takes place, i 
sequence eitherofnn augmentation of tbesupplyofelectrieitj, orof a cbang» 
in the extraneous resistance to be overcome, the result will be an augmentation 
of temperature, which will continue until a new equilibrium between the heal 
supplied and that lost by radiation is eflected. If the strip is made of nwtd 
of high conductivity, such as copper or silver, and is rolled down to a thkk 
neis not exceeding O'OO mm., its capacity for heat is exceedingly Bmall ; 
Hs surface being rulntively very great, the new equitihrium between ihrf 
' - of heat and its loss by radiation is effected almost instantaneoiuly 
■ the increase of temperatura the poution of the regulating len 
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ft«iniiilUn«ouBly iiSected, caueiiig otie or more contncts to be Ub»!r&t«d, onA 
p muy additional resiaiance-coils to be thrown into circuit ; the result being- 
e temperature of tlie slHp vnries onlj between very niuTow limits, and 
« current itHelf is rendered very uniform, Dot witbstaa ding considerable 
1 its force, or in the resistance of the lamp, ur ci ' 
e which it is intended to regulate." 
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PHYSIOLOGY. 
mom of Serpentt. — The poison of serpents has generally been 
as a sort of poisonous salivii, acting after the fashion of soluble 
M. Lscerda, of Rio de Jniieini, has mnde some cibeervations upon 
a of a rnttlesnake, which lead him to believe that this fluid con- 
d fermeDts analogous to the Bacteria. {Conip/e)i re7ui>u,Decsm.- 
90, I87H.) Placing a drop of the poison upon a glass slide previoualj 
rith alcohol, and slightly warmed, he exammed it under the micro- 
t, and law " a sort of ptutoplasmic tilamentous matter, formed b; a eel- 
hkr litgrBgation, arranged in an arborescent form, like that of certain- 
LTOupodiaceffi." lie ohserTed the formation of spores within a thicliened 
GkmenI, which tiually broke up and disappeared, setting free the spores,. 
«luth then affected a linear arraDgemeiit. lie describes the modes of 
multiplication of these spores, namely, by scission and by interior nuclei. 

The phenomena observed in the blood of aniuials kiiled by the bile of the 

■like were as follows :■ — -The red globules presented small blight points on the 

L Mrface of the disc; these sometimes formed projections, and became more 

Finally, the globule was completely destroyed, and 

■ BpUced by a number of very brilliant ovoid corpuscles, endowed with. 

I IponUiieous oscillatory movements ; these ovoid corpuscles did not separate 

D the maas of the globules, but remained within it, and the globules 

una fused together to form a very diflerent amorphous paste. Alcohol 

I Iwsllowed, or injected beneath the skin, was found to be the best antidote. 

I of the ChlurophyU in Grim PlmtaiHa.—ii. P. Geddes has ei- 

I (mmented on a green I'lanaria, which is very abundant at Koscofl', with 

I Iks view of ascertaining what b the fimction of the chlorophyll, which 

I W long been known to exist in such worms. The Ilimaria were fond of 

I upoaing themselves to the light on the hare sand in shallow water, and 

1 tliBii placed in a small aquarium the; went always towards the side from 

I which the ligbt came. When exposed to the sun their movements were 

I ftnaiderably accelerated, and in a few minutes small bubbles of gas appeared 

I knaud there, and increased in number and in volume, just in the same way 

I M Tith a green seaweed under umilar ciicumstances. The gas evolved was 

'ly collected, and in the course of the day enough was obtained to fill a 

•mU testrtube, and it appeared to be dilute oxygen by its eifect upon a 

"•dy eitinguiabed :uatch. By further Bxperiments with potash, it was 

toand to contain very little carbonic acid ; and the addition of pyiogallic 

Kid showed the presence of oxygen by the dark brown coloration produced 

■Kd the ascent of the liquid in the tube. M. Geddes found that the gas 

Itoduoed by these rianariee contained 46--S(i per cent, of oxygen. The 
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influence of liglit b so eseential to the eKialence of tlieae aiiimak, UmI ftOu 
bebg kept in tho dark they soon died. Trenlad with nloohol, tliBie gun 
Fttitaritr fiirnialied first b yellow solution, and then a solution of cblotopll^ 
of a matmifieent green colour. Th« re^idne, congii]st«d und decoloriMltf 
aleobol, bailed in witter and filt«Ted, furni^lii^d n cle&r aolution, vhicb, 
treated with iodine, i^nve a dark blue colomljon, indi«itive of the prMMM 
of a. considerable quantity of Blarcb.^C'orn/rfM muhu, December 30, ISTS, 



zooLoay. 

A Gigantii! Dee}>-Sea leopod. — Under tbe name of Bathjpiomn, 
2t[. AJpbouse Milne-Ed witrde deeciibes ( Comf<tft rmiint, January 6, ISiTV) u 
laopod Oruataosan of enormous si:(e, dredged by Mr. Aluxauder Ainaui &ob 
» depth of 056 fathoms north-enst of die bank of Yucat&n. Tfais neltntl ii 
newly l«n inches iong and four inches broad, and belongs to the groat hxOj 
-Oymothoadee. The most intereslii^ poini in its construction la to V found 
in its respiratory apparatus. The ordinary Isopods have the abdominal lil ' ' 
modiiied to fonu branchite, but aueh an arrangement being apjuireut^ is* 
suiBcient for this comparatively ^j^antiu form, the abdominal feet m t( 
Tertediuto aaortofoiH^rcular apparatus beneath which are the trais kranchiBr. 
which resemble little hushes springing- fmm steme, dividing again and affi^: 
a structure of the respiratory organs which is quitp unique among the Iiojoi 
Onistacea, although one or two form" belonging to the parasitic fiuiulf 
Bopyridee have branched appendafres attached to the rides of th? body. "' 
poaitioa of the eyes is also peculiar. These oi^ns, which are of reroarkaUf 
largo aize and each composed of about 4,000 wjiiare facets, are placed on »" 
lower HUtface of the head, instead of the upper surface as in the allied £ 

MtnUMeM Mrdiaa. — M. Mereschkowsky has published son 
interesting observations made by him on two email naked-eyed Mednse i 
tlie genus Bougaini-UIra inhabitinjf the White fl!ea (Atta. mid Mag. iW 
Hat., March. 1B79). IIo describes oneof these imder the nai 
vOlta paraduja, as a small transparent bell about ^^ inch long, having Ii 
radiating canals, each with a red ocellus and a tuft of fVom three 10 m 
tentacles at its extremity, while in the centre there is a red manubrium 
etomat^bal peduncle with its iiiuuth surrounded by four uiuoh-braoclMB 
tentacles. The ova are developed ou the surface of the manubrium, lo wbl 
they remiun attached for sumu time. Assodated with these iioriniilly « 
structed individuals M. Mereschkowsky found Medusie of precisely tha a< 
siie and form, and showing the four canals, with thar ocelli and tufki a 
tentacles, in fact, so far as the characters of the bell were concerned preCMi ' 
identical with the others, but ditferinp' from them in the total absence of til 
manubriuui. There was nn trace of any such nrpwi, and the four ndll 
canals met at the summit of th» Inll without constitntjag anything t' 
could be interpreted as a stomach. Precisely tbe ssme am 
served in the second species, which is a little smaller, and is further disli 
fished by having the bell more globular in it.^ lower part, but formi^ 
Nbove a sort of cupola which renders its form very elegant. In both »{ 
tJiB author was unable to detect anything in the shape of a stomaclutl eariM 
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I nidd be ducoTer an; direct means of communication between the 
(dkr system and the sea-wat^r, nny aperture, however minute, through 
kb nntriliTe material might have been introduced into the e;st«m of the 
ml, and after careful invealigation he waa forced to the conclusion, that 
n anomalous tittle creatures were nourished by the direct absorptioii 
m^h the ectoderm of organic maU^rial dissolved in sea-water. This ia 
KTer, not altogether an isoUted ca^^e, oa M. Mereschkowsky has demon- 
tted that in certain eponges nourishment ie effected in a sitnilar faabion. 
lieveral of these little MediisiB occur about our own coasts, it would be an 
point to ascertain whether any of them present nnslogoiu pheno- 
t, and if poHMble to ascertain why a structure necessitating so abnormal 
Uthod of nutrition occurs. 

tUgratwnM 'jf AphiiUa, — M. Lichtenstein has announced bis discovery of 
very curious &cta in the life-history of certain aphidei ( Complex retidtu, 
mber 1§, 187t4). Ue first detected migrations of Phr/Uojera gurrau 
Qu«rciu coccifera to Qurrctit pubeMent ; and these observationa were con- 
d by thoee of U. Targioci Tonzetli upon Phyltoiera Jlormtma, which 
a dilteient itages of ita life upon QuercusUex and Quavus pedu7ie»- 

licbteoBtsIn has since found that the aphis of the galls of the Pi»- 
3 (Anapleura ifntiici) pasnes from tho.<e galls to the roots of at least two 
M of grasses {Bromiix tCfrilie and Hordmtvi vuli/arf). lie dtt>cribes tho 
nlopmemt of the aphis somuwhat as follows : — 

Id May and June the egg depoeiled on the pistachio by the fertilised 
~) produces on apterous insect, the /'ouruier (first larval form) which pro* 
the gall, and after four moults gives birth asexually to young aphidea 
~ to acquire wings and, after ftlur moulta, to produce the Emii/rmitt 
and larval form) which quit the gall, fly to the graasesjand there produce 
Lually apterous young, t)ie Buddtri (third larval form), which breed aseiu- 
underground, producing several apterous generations until the appear 
I of nymphs which fumieh the ISipiffrn (foiulh larval form) which iaaus 
D the ground and fiy to the Pistachio, whui'e they depoeit their pupn which 
lace sexual individuals, the females of which deposit the true eggs con- 
ning the starting point of the whole series. If this complicated de- 
tte correctly described, it ia of much interest, as it may apply to 
ij other species of aphides, and in that case would throw important light 

naiiy points in their history. 
n* Qynmotut. — From an examination of a fresh specimen of Oymnolui 
M. I:>itscb concludea that this lieh is allied to the siluroids 
than to the eels, fie I'ounds this opinion especially upon the 
of the brain, which has the olfactory tubercles small and the 
a very large, as in the Siluroidei; whereas in the true e«ls these 
jirMent exactly the opposite character. Further, in the Qipimolju, a« 
the dluToids, the mazillariue are rudimentary, and the margin of the 
jaw is formed by the intermaiillariee ; in the Mursnoids, on the 
', the maxUlaries form parta of this margin and bear teeth. The 
;ura of the opercula constitutes another agreement with the Siluroids. 
a consideration of these and other charactera M. Fritsch is iuclined 
the OymnotiDi close to the Malapterurini, which also inclnds an 
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electrical species. The denonunation "ElBctriiaJ Eel" ihtia IieeaiiM 
mimioiner for the Chfinnotiu. — SitsunffiAffichte ihr GeMllteh. tiOurfirti 
Freunde =u Sniin, 1878. 

^r John Lubbock on Antt. — Sir John Lubbock read two papers on tntii 
the Linnian Society on February (I. The first ^ave an account of thwr lt» 
iaaij ; but, from the extreme eoinplexity of these intereeting little craatorE 
it would be impoaajble la make thi« communiratjon intelligible witliotitd 
figures. The secood pnper was a eontinuatioQ of Ua observntiona o) 
of ants. Hementioned that he had at first isolated his neetaliTnieaiiE of wlb 
Thie was efTeetunl enough, but, eepecially in summer, the water required I 
be eontiDuallj renewed. Kemer, however, had sugge.Hted that the bainO 
plants served to prevent auts froxa obtaimugp access to the honer, and 
accordingly occurred to him that fltrips of fur smuiged with the point 
the hairs downwards might answer his purpose. He had tried tiis; t 
finding it aucFpfisful, he thought a ^milar niTangement might perh^u 1 
found useful in hot countries. 

It in generally stated that the queen ants alone lay eggs, but Sr Joho h 
found that in most of hia nests some few of the workers are capable of doll 
80. It appears, however, that these egg» always produce males. In ll 
case of bees we know that the queen is fed on a special hind of food. 1 
ante it is not possible to make □l)seT\'atioi)B umilar to those by which in hM 
thia baa been established. It is, however, rendered more than prubahlei 
the fact that while males and workers have been bred by hundreds iji ' 
nests, no queen haa yet bei^n produced. 

It iB well known that ants keep other speues of insocta in their nc 
which they use just as we do cows, &c. 

The " Mat. p. lllist prim, de lllomme" for 1869 contains a eholt 
interesting account by M. Leepea of some experiments made by him on 
relations existing between ants and their domestic antniRU, from which 
night be inferred that even within the limits of a dngle apedea K 
munities are more advanced than others, lie found that spedmena of ll 
blind beetle, Clarij/er DaralH, which always occurs with ants, when W 
ferred from a nest of Latins niger to another which kept none of d 
domestic beetles, were invariably attacjied and eaten. From this he in 
that the intelligence necessary ta keep Clat-iger* is not coestennve mth t 
species, but belongs only to certaio communities and racea, which, so 
speak, are more advanced in dvilisation than the I'est of the spedes. 

Sir John Lubbock, however, removed spedmens of the curious JTofyartif 
from one nest to another, but they were always amicably received. He eti 
transferred specimens from a nest of Ltuhtt Jiavfia to ooe of Foniiica fuH 
with the same result. 

As regards the lonirevity of ants he has now two queens of J'.^/iMcaiwhl 
fieem quit« in good health, and which have lived with him since 1874; th 
are therefore probably Ave years old. He has also workers of Latiut nig 
tiirmica tmijptinea, F. /unm, and F. cinerfa, which he has had oniler ote 
vation aiuce 1876, 

In his previous papers he had given various instances which seem lo »h< 
that ants do not exhibit such unvarying kindness to their friends aa bu tx 
Usually supposed. He wished lo guard himself, however, against being M 
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B&rred m another, they are knidly received and tended witlt, a^arendy, 
mch care a« if they really belonged to tlia neat. In ant warfare, tbo«^ 
I* DO protection, the young are ^ared — at leaat when they beloi^ to the 

breorer, though the baUta and dispo«tioni of ante are greatly changed 
iey are taken away from their nest and kept in aolitary confiDement, or 
'with a few firieiids, itill nnder mcb circumstances they will often car»' 
tend any yonng which may be confided to them. Now, if the noog- 
1 were eSected by means of some signal or password, then, as it can 
Uy be supposed that the larrs or pups would be eutficiently intelligent 
f^ireciale, still less to remember it, the pupro which were entrusted to anta 
another nest would have the pMnword, if any, iif that nest, and not of 
one from wiiich they bad been taken. Hence, if the recognition were 
ed by some password, or sign with the antvnns, they would be amicably 
red in the nest from which their nurses had been taken, but not in their 

_— therefore took a number of pupte out of »)me of his nests of FonrntA 
M and Ltmai niger, and put them in small glasses, atinie with ants from 
nest, some with anta of another neat of the same spcies, The 
\ that ihirty-two ants belonging to Formiaaftuca aud Lanu* nigtr. 
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naored from thidr nert as pape, attended hy fnends and xwtared toOa^ 
own ne et, were all amkaU j receiTed. What is still more remarfaiUe,of 
twen^-two antB bebnging to Fermieaftuca, remored as pup», attended ly 
itaqgea and returned to their own nest, twenty were amicaUy rereiYed. 
ABRgiidsone,Sir Johnwasdoahtfid; the last was crippled in coining oat 
rf the pope case, and to this, perhaps, her unfriendlj reception may haie 
been doe. Of the same number of Loiiiu mger developed in the samemiiH 
Mr from pupe tended by strangers belonging to the same species, and thei 
xetmned into thdr own nest, serenteen were amicably received three wwe 
attacked, and of about two Sir John felt doubtfuL 

On the other hand, fifteen specimens belonging to the same species, 
lemored as pnpi^, tended by strangers belonging to the same species and 
then pot into the stnmgen* nest, were aU attacked. 

The results mar be tabulated as follows : — 

^HSoBiiiS^oraK*. Pat back in own Put in stnuigera* 

" nert. neet. 

Attacked . . . . ?• . .16 

Received amicably . 33 . .37 .0 

Sr John intends to make further experiments in this direction, but the 
above resale seem very interesting. They appear to indicate that ants of 
dtf same nest do not recognise one another by any password. On the other 
hand, if ants are removed from the nest in the pupa state, tended by 
straogers^ and then restored, some at least of their relatives are certainly 
ponied, and in many cases doubt their claim to consanguinity. Strangers, 
«nd« the same dicumstanoes, would be immediately attacked ; these ants, 
en the contrary, were in every case — sometimes, however, after examination 
—amicably received by the majority of the colony, and it was often several 
hours before they came across one who did not recognise them. — Naturt^ 
Febraaiy 20, 187^. 



* Of about three of these Sir John did not feel sure. 
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SOME FACTS AND THOUGHTS ABOUT LIGHT- 
EMITTING ANIMALS. 
Br Peojbmoe p. MARTIN DUMCAN, M.B. Lobp., F.R.S. Ac. 
[PLATE Vr.] . 



I FTER the glare of daylight has passed into night, during 
the warmest months of the year, countless little points of 
fi are often to be seen on the turf and amongst the brake 
Jnnderwood in the open country of the South of England. 
■l^bt ie distinct enough, and when scattered far and near 
Ta hillside, is always a matter of wonderment to the ob- 
who witnessea the sight for the first time. When 
*' f ini^la anyone to approach the little luminoiie points 
oaely, their " phosphorescent " gleam is evident enough, 
e greenish white light glows. It increases and diminishes 
I intensity, becomes bright and fades in a surrounding 
lesa and again flashes out more brilliantly than ever. 
Hour after hour the green and white illumination persists, but 
if any one point be carefully watched, it will be observed to 
isase occasionally for a second or two, and often to move about. 
Towards the darkest hours the luminous points become more 
numerous and brilliant ; but midnight witnesses the paling of 
the light which " fadeth at the crowing of the cock." 

Searching amongst the grass for the cause of this remarkable 
hght, the hand feels no increase of temperature on approaching 
the objects which relate to it, and successful seeking discovers 
a cold, softish insect. 

At the same time of the year, when the summer's sim has 
warmed the surface of the sea, the darkest nights during calm 
weather oS the coasts of our . Islands are illuminated by fitful 
flashes of green, yellow, blue, and rarely red light, which, start- 
ing suddenly from one or two spots on the water, spread on 
all sides in coruscations, or in glowing ripples and increasing 
breadths, to cease as suddenly as tbey began. A boat glides 
into some quiet, dark harbour and sets the sea " aflame ; " every 
dip of the oar produces an extending circlet of light, every drop 
oE spray is luminous, and adds to the sparkling as it falls, and 
raw 8EEIES, VOL. III. — NO. XI. Q 
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the moving prow wella out little waves surging with tiala 
green and gold. Darknesa, all the more iotense by contu 
succeeds, to be again and again suddenly turned into transi 
light. In the offing, the sailors say the sea is " briny," and tl 
watch the rippling radiance in their wake, and note the sudt" 
gleams which, commencing at some disturbed spot of the e 
fsLGQ, flash out on all sides. At anchor watch, whilst the m^ 
is as dark as pitch and the sea is hardly visible, the cable n 
often look white hot during the intervals of the faint illumi] 
tion of the surface. 

A bucket is lowered, and wood, ropes, bands and arms i 
alight with liquid beatless fire, and myriads of tiny globes tu 
be seen occasionally in the water, intensely luminous. On goi 
ashore up the wet sands, often enough every footstep is a fo< 
of radiating glimmers, and remains luminous for a while. 

These common sights, passed by by most people, are sapivmi 
interesting to the thoughtful, and they are the feeble Northf 
extensioD of similar phenomena, which are grand indeed in 
sub-tropical and torrid regions of the globe, and which, «i 
at some depth in the great oceanK, may relieve the eter 
darkness. But even on the verge of the sea. Nature's pyroLech 
is superb, and Neptune is jealous of Kox, for in the ^ort ho 
or two between the summer's daylight, spray, waves, and all ! 
wash, are often intensely, long or momeDtMly, bright. 

The dredge brings up, out of comparatively sluillow wi 
Aetinozoa, which, hitherto buried up to their tentacular i 
are light-emitting. A diver sees a luminous spot on the 
merged limestone rock he is examining, and finds a boring i 
smeared with luminosity. The weary sailor, tired with 
monotony and the great heat of the tropical day, peering 
the depths near the coral banks of North Australia and N 
Caledonia, gees long tracks of wandering light', and wonders 
the graceful evolutions and fierce attacks of the sea-snakes, 
up as they are with a fieiy path. Or, dreamily watching, 
marvels at the radiant course of the predaoeous fish as they t 
to the surface and rush beneath, after their prey. Some wl^lfl 
when the ship is hove to and gently rolling in the dark ni^ 
of the Southern Ocean, see the mighty monsters shoot up abc 
the gleaming surface amidst a fountain of lurid phosphoresce 
spray, and fall splashing again and again in ponderous play, m 
they loved to show their strength amidst lowers and waves 
light. Sights such as these are not the invariable accompanimt 
k<rf the darkness for away in Northern seas; for there the spread! 
phosphorescence of the surface often pales with the rising mt 
or the display of the Aurora. But even then, mid-ocean beooi 
luminous as the tide carries the host of Medusse along. B 
Then the moon is at its full, and the sea is bright with its Itut 



ae is a world of light, deep d«vwB below tlie sui&ee. Great 
mes of pale gold with long sti«ainen, nwre dowly altmg ia ^k1- 
s Enocession ; small silvery diaea swim, now enlaiging mnd now 
ntiactiQg ; and here and there a green or Uniiii gJieamiBaila, 
le course of a tiny hut rapidly rinng and nftWug gtobe. Hoar 
Iter hour the procession passes by; and tlie fiabammi *— "H*^ 
1 their nets from the midst, drag oot ticfad l^bt, and the soft 
ia-jellies, crushed and torn piecenml, dtine in every clinging 
article. The night grows dai^, the wind lises and b cold, and 
he tide changes, so does the laminostty of the sea. The pale 
pectres below the surface sink deeper, and aie lost to sight ; 
«t the increasing wares are tinged here and there with green 
Qd white ; and often along a line, where the fresh water is mix- 
ng with the salt in the estuary, there is a brightness so intense 
hat boats and shores are visible. But if such sights are to be 
cen on the surface, what must not be the phosphorescence of 
he depths? Every Sea-pen is glorious in its light; in &ct, 
i«arly every eight-armed Alcyonian i^ thus resplendent ; and 
he social Pyroaoma, bulky and a free swimmer, glows like a 
ar of hot metal, with a white and green rudiance. 

Just as in some places in England, the points of light on 
he turf may be seen, simultaneously, with the luminosity of 
he Eur&ce of the sea close by, so in the tropics, active and flying 
pecks of brightness compete on shore with the diffused splen- 
lonr off the coast. All this light, so vast in its world-wide 
mount, is heatless. Crowd it all together, and a vast city 
tight be iliominated without raising the thermometer pro- 
ably many degrees, if at all ; and all this vibration, this con- 
squence of intensely rapid molecular motion, is the result of 
he energy of life. 

The points of light on the turf of the South of England are 
roduced by a beetle — the " glowworm," Latnpyrie ; and the 
enua is world-wide in its distribution. The fire-flies of the 
npics are principally Elater beetles, and others allied to them 
t classification ; and there are Hemiptera as well as Myriopoda 
Mch add to the list. Our sea-surface illumination is due to 
lyriade of Noctiluca tniliaris, and the same and other species 
r the genua are world-wide. The minuter Crustacea, the Al- 
ronarians, Medusee, Polyzoa, Ophiurans, Tunicata, Annelida, 
id Mollusca, add species to the luminous assemblage ; and 
^)hably more tlian one hundred and fifty genera, most of which 
ive numerous species which are prolific in individuals, are 
minous under certain circumstances. It is possible that somQ 
h noticed by Dr. Giinther are phosphorescent in the deep sea. 
The intensity and the colour of the light emitted, difl'er witl) 
a genus, species, locality, and season, and certain apaoi' 
■e a definite and r-^'-'fur light. The English glowworm i 
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B. mi sty -coloured light, which ia usually greenish ; that 
Italy is brilliantly blue ; whilst the Australian species emili 
puliating light. The fire-fly of the West Indies glows will 
very white light ; but it is doubtful if the Fvigura, so ot 
seen in books as the Laotem fiy, has a scarlet light, or any 
all. The rapid coruscating fladies on the sea and on the 
are now and then yellow or white, but rarely scarlet, or n 
and are produced by crustaceans. Other insects in the li 
give out a deep blue and white light ; and the Pacific la 
hundred-legs produce a brilliant emerald green. Noctiluca ^ 
out a greenish and often bluish light, and the Medusoids rii 
yellow, gold, green, blue and white tints. The Sea-pens 
out while as well as coloured light ; and that of the ~ ' 
derma is green. The green and white tints are the commc 
colours, yellow is rare, and so are the reds and blues, whilst 
pies are unusual. The Gorgonoids give out a beautiful lilac 

A very slight examination of the animals connected with t' 
luminous phenomena, indicates that they are produced in 
ferenc manners. For instance, Noctiluca, Photon, and L 
pyris, are readily anatomized, and the source of the luminositf 
found to differ in each. Hence it is important to consider *« 
typical cases which illustrate the varieties of lights production. 

Consider, first of all, Noctiiuca miliaris {PI. VI. figs. 1-3 
which is very common in the warm summer months all round ti 
English coast and up the Humber and Bristol Channel. It is ~ 
possible to estimate the countless numbers of this minute, pa 
shaped, flagellate infusorian in some parts of our seas. 
instance, on the Essex coast some yeai-a since, I foiuid e' 
tumbler of aea-water taken out between the (runSeet sands 
the mainland, crowded with them ; and most of the acting 
moving, little gelatinous transparent things were larger "' 
their standard of -J^th inch in diameter. They move by d 
of a filiform tentacle, of the length of the diameter of the 
and about y^oth inch in its breadth, which Is placed close ta 
the opening of the so-called mouth. The tentacle is long and flstj 
and has striations across it, but which appear to be beneath tlm 
delicate cuticle. A long, delicate, imdulating fibril comes fivn 
the bottom of the oral cavity, and can be protruded and with-l 
drawn, and close to it is a homy-looldng, tooth-like body, ^^^^ 
inch high. The opening into the interior, or mouth, is the 
extremity of a funnel, which ends within, in the minutelj- 
granular substance forming the bulk of the body, and which, if 
it were perfectly transparent and uniform, no part lieing diffe- 1 
rentiated, might be called protoplasm. This granular sarowle 
spaces in it containing water, or vacuoles, one often being 
but they do not contract and enlarge like those of many 
Radiating in meshes, which are coarse near the 
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-h and very minute and fibrillar near the oiit§ide, is a 
■teer earcode, and there are fannies on the fibrils. These 
brillar meshes are enveloped in a minutely-granular Barcode, 
3d they reach to just under the mirfaee of the animal, ending 
1 a. clear protoplasmic layer, which underlies the equally clear 
nd transparent cuticle or cell-wall. Near the vacuolated part 
I a small nucleus, and it is evidently in relation with the 
brillar radiations ; and there are occasionally nucleated cell- 
ike bodies in the peripheral layer of protoplasm. As these are 
irobably spores, it is not necessary to consider them. Now 
here is movement in the striated tentacle and in the long fila- 
nentoiia cilium, and thei'e is amoeboid streaming of granules 
in the radiating fibrils, but no change of general shape constantly 
CCTirs. The animal respires by its outer cell-wall, grows in 
iae by additions to th« finer granular parts, and the principal 
eat of this activity must be just beneath the cell-wall. 

Mow, on watching Noctiluca in captivity, one is struck by 
he very vivid light which it emits. It is a sudden flash, lasting 
jQt for a short time, and is repeated over and over again, some 
stermission being apparently inevitable and necessary. The 
ight is {jreenish, and is produced not especially near the seat 
)f tentacular and fibrillar movement, but just under the cell- 
iralL It arises from scores of minute, independent points, 
Rhich scintillate and illuminate the rest : in fact, where reapira- 
lioQ and assimilation are at their greatest, where the vital energy 
is in full action. Anything which increases this activity pro- 
duces increase of the liyht, and the converse ia true. Pure, 
liighly aerated sea-water, changed over and over again, adds to 
its brilliancy and persistence. Oxygen forced into the water 
produces more light, and the stimulation of fresh (non-saline) 
vater at first does the same, but sooner or later it is destructive 
to the animal. Physical stimulation evidently acts on the light, 
inj produces it for a time, and a constant •Ulumination pre- 
cedes death, when light ceases. The light diminishes in vacito, 
md under the influence of carbonic acid gas. 

Quatref ages experimented upon NbctUtma, aad added alcohol; 
ind this produced a definite continuous luminous ring, and then a 
general peripheral illumination, which lasted for a while and 
iiutil death. Finally, it is well known that nets which have 
been dragged out of a sea crowded with Noctiluca, retain hghfc- 
jmitting powers until the meshes become dry. The sun-Ught 
las nothing to do with the luminosity of Noctiluca. 

Tlie Spongidie have not as yet been recorded as having lu- 
ninous kinds, but the Hydrozoa teem with them ; and more- 
)ver 'the gift, so common in the planoblast^, is found in some 

icies in the stationary and vegetative animal. Probably nearly 
MedusiB " linouB, and notably the larger Aurelice 
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and Zygodactylai, whose light is decided, althotigh like a 
halo sometimeB, but grandly golden at others, and espeo 
when the creatures are braken by hauling in. Agaesiz not 
thst the blue tint of the Beaming phosphorescenee, «-aa oftai 
to a Medusa, Dyamm-pkoaa fulgurans, which breedH ot 
from its proboscis, and thus readily adds to its vast nttmb 
On the other hand, the stem or trophosome, out of which Oi 
ia developed, has a pulsating light running up it, whilst the t 
swimming disc is said to be noD-luminous. The globular j« 
fish with paddles, or the Ctenophora, so active in the sea, 
brilliantly luminous, and it appears that many of the bo 
Sertularians give out light. The luminous part of the Medi 
is superficial when they are swimming and entire, and it a] 
to be restricted to the upper part of the umbrella, to the n 
of the disc, and to the tentacles. But extreme irritation i 
tearing will develop light apparently everywhere, and Uie i 
pery semi-solid sarcode clings to everything, and is for a *' 
luminous. It does not appear that the natural luminost 
greater imdemeath, where Schafer has noticed radiating ne 
fibres, than on tlie top, where there is a delicate epitbdil 
whose flat cells contain minute points of fatty matter, and wh 
nonen'es have been foimd. The tentacles get luminous, ^dt 
are without any evidence of nerve, except perhaps where I 
start from the margin of the umbrella or disc. There i* ol 
much defined light at the so-called eye-spots at the edge <rf 
disc, and it may be in relation to the epithelium there, rela 
as this is to nerve. In the mass of the animal there is nofai{ 
difierentiated protoplasm, hut there is much of a low oharus 
and it is all this that is so golden and white, when ruptuie 
taken place. It is hard to believe that the nervea and fl 
matters have anything to do with the luminous phenomena h 
and certainly they have not in the trophosome of Obelia. 1 
toplasm, in a state of active nutrition, appears to be the tea 
the movement which produces the light-wave. 

It must be remarked that the great jelly-fiBh of our W 
and of other seas are not luminous during the whole o( t 
summer life, for they may be seen crowding many extuads 
the hot months, as the twilight merges into night, and 1 
sparkle of light is visible amongst them. 

Phosphorescence does not appear to have been noticed in 
reef-building corals, nor in those solitary ones which cv 
kept in aquaria, but some of the Actinida-, or sea-anemi 
are brilliantly luminous. One notable example ia the i 
loving, free, long-bodied Iluanthos acotwus, which leaves 
rayed disc just above the siuface of the ooze, shining like a I 
here and there, and retaining its light when brought up* 
•he dredge. The extraordinary luminosity of vast numbi 



! Alcyonarian Pennatulidai and GorgonidEe compenHates for 
e comparative abfiCDce of the phenoDit'iia in the other members 
' their group. Even in the cold North Sea, the Sea-pens, 
Id their long-stalked, short-polyped allies, the Vi/rgularioi, add 
ithe sea light, and the Gor{/oniie do the same. They are re- 
lendent in the ^lediterranean ; and Moseley states that all the 
Icjonarians dredged up by the Challenger from deep water 
ire found to be brilliantly light-emitting, and that their phos- 
lorescence agreed in its manner of exhibition with that ob- 
rved in shallow-water forms. He examined the light emitted 
■ three species of deep-sea Alcyonaria with the spectroscope, 
d found it to consist of the red, yellow, and green rays only. 
iPonceri notices the light of Petinatula pkoaphorea, which 
> an eight-ten taeled Alcyonarian, with a stem with pinnate 
Iftncbes, carrying zooida or polypes. The long stem reach- 
g below the branches consists of canal tubes, which are 
t communication with the polypes through the branches ; 
id it is covered with sarcode that is comparatively rudi- 
tatary, and which is liable to become infiltrated with water, 
' to be hydropic, when brought up, from the deep sea. The 
dypes, when ftilly expanded, are in rows on the upper surface 
' the branches, and each has eight pinnate tentacles, and at 
' r base a slight swelling on the outside. From each of these 
g^ht swellings an opai]ue white cord passes down the outside of 
tt visceral cavity of each polype to the sarcode of the branch. 
'These oords are canals in the sarcode, and when they are 
mpressed, their contents may pass either into the hollow of 
di tentacle, or backwards into the tubular cavities of the 
mchlets and stem, and very little force suffices to burst 
sm. When examined under the microscope, the contents 
) found to be cells and a fluid, and the opacity and 
hit« colour are produced by the cell contents, which consist of 
"Tnute highly refracting globular particles, having, chemically 
d optically, all the properties of fatty matter. This substance 
remarkable for its persistence without iradergoing decompo- 
ion long after the death of the polype. Tn the substmce of 
B cords there are cells which are stellate in shape, with pro- 
tgations,and resembling miUtipolar ganglion nerve cells ; and. 
lers are simple enlargements along the course of a fibre. Be- 
es these there are many albuminoid granules and some while 
rticles of a mineral nature, but which does not consist of 
irbonate or phosphate of lime. 
'Now this Sea-pen is luminous universally, when seen under 
rourable circumstances in the open sea, and it has its hours 
' darkness. When caught to be experimented upon, the 
dmal lights up in a very remarkable and definite manner, 
lould the long supporting axial stem be pinched, the polypes 
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nearest the atem on the lowest branchleta, become aparkling 
luminous one after the other, and, when they are all illuminatfl 
those of the nest branchleta liegin to eblDe, until in Hucceesu 
the whole are glowing. A slight interval of time, amounting 
to } second, occurs between the stimulation and the appearaiui| 
of the light, and the Sea-pen 6^ inches long was illuminated ^ 
2i seconds. 

On pinching the top of a Sea-pen of this species, the lightifl 
up commenced in the nearest polypes, and then tho»e of t) 
next lowest branchlets took up the eSect, and the pbenomei 
of the previous experiment, were simply reversed. 

Again, on irritating one of the polypea at the end of 
branchlet, its luminosity went to its neighbour, and then i 
followed one after the other ; and if those at the t>eginning u 
ending of a branchlet were touched, the lighting up was towaid 
those in and between them. 

This succesaional illumination is very decided, and, when it 
is completed, the light ia pretty constant. But it is evident 
that on irritating one of the polypes it "takes fire," as it were, 
at the edge of the tentacular apparatus, some luminodtj re- 
maining on the implement and in the intermediate water. 

These remarks, the results of Panceri's interesting stndies 
may recall to mind the early experiment of Spallanzani, vhO|' 
on compressing the stem of a Pennatula, obtained a light froa 
the other extremity, and the feet that crushing the stem and t 
few branchlets, produces a substance which becomes diffused 
and lighta up everything to which it adheres. 

Careful observation has determined that when the pen i 
perfect, the light is emitted from the eight opaque cordi o 
each polype, and that it can commence and continue witboul 
their rupture. On the other hand, rupture of a cord excites the 
luminosity of the whole, and the escaping fatty matter il 
luminoua after its separation and afler the death of the animil 

There is no sensible increase of temperature, and the tint( 
the monochromatic light is azure or greenish, but never k '^ 
In thia beautiful instance of this remarkable vital luminousntl 
there is evidently a photogenic structure and an elaborated 
organic material capable of producing light after removal fr«iO 
the animal. The sequence of illuminating is slow in the wholl 
pen, and only at the rate of a yard in 20 seconds^a rate ferleitf 
than that of the movement of nerve force. Yet the presence oC 
the lowly- organised nervous element indicates that the regulatinj 
of the light may relate to it as its function. Clearly the pfaospba 
esence of the Pennatulid is in advance of that of the simpli 
protoplasmic movement of the Protozoa and of the slime of t] 
Actinoid. Sir Wyville Thomson notices the coming up, in a trai 
wn to a depth of 2,125 fathoma of a magnificent " clnsten 



9ai polype" {Umbelluiaria grcenlan dica), consiatiog of "twelve 
gigantic Alcyonarianpoljpes,each with eight fringed arms, termi- 
nating in a close cluster on a calcareous stem ninety centimetres 
high." He states that when this splendid PennatulicI was taken 
from the trawl, the polypes and the membrane covering the hard 
aids of the stem were so brightly phosphorescent that Captain 
Maclear found it easy to determine the character of the light 
by the spectroscope. It gave a very restrictedly continuous 
spectrum, sharply included between the lines b and D,' The same 
naturalist writes, after dredging in 828 fathoms off St. Vincent, 
that the trawl " seemed to have gone over a regular field of a 
delicate simple Gorgonoid, with a thin wire-like axis slightly 
twisted spirally, a small tuft of irregular rootlets at the base, 
and long exsert polypes. The stems, which were from 18 
inches to 2 feet in length, were coiled in great hanks round the 
trawl beam and entangled in masses in the net, and as they 
showed a most vivid phosphorescence of a pale lilac colour, their 
immense numbers suggested a wonderful state of things beneath 
— animated corn-fields waving gently in the slow tidal current, 
and glowing with soft diffused light, scintillating and spark- 
ling on the slightest touch, and now and again breaking into 
long avenues of vivid light indicating the paths of fishes or 
other wandering denizens of their enchanted region," f 

Again, in the " Voyage of the Porcupine" J the same fortunate 
naturalist noticed the Sea-pen, Pavonia quadrangvlaria, 
which entangled the dredge with its pink stems a metre long, 
fringed with hundreds of polypes, to be "resplendent with a pale 
lilac phosphorescence like the flame of cyanogen gas, almost 
constant, sometimes flashing out at one point more brightly, 
and then dying gradually into comparative dimness, but always 
sufficiently bright to make every portion of a stem caught in 
the tangles or sticking to the ropes distinctly visible." 

Probably the grandest display of light^^mitting is by the 
great cylindrical- looking Pyivaoma, one of the Tunicata (PI. A'l. 
fig. 5). This animal is really a compound one, and the common 
uniting tissue has the shape of a hollow cylinder rounded and 
closed at one end and cut short and open at the other. This is firm 
and transparent, like so much cartilage, and on its outside are 
arranged numerous whorls of separate zooids. Each zooid project- 
ing ia large near the supporting cylinder and smaller where free, 
and this end has the mouth opening, whilst the base is perforated 
by holes, which are continued through the cylinder. Tbe water 
.qrstem thus opens into the hollow cylinder, and the water issuing 

The Atlantic," Tol. i. "The Voyage of the Challenger," p. 161. That 
in the green, near the less refrangible p-art. 
t Thomsjn, Op. at. p. 110. 
i Thomson, " Oniiae of the Porcujnne," p, 149, 
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from it propele the whole in the opposite direction, at tli 

time that it nevolres on lie long axis. In ibe Hedita 

the PjTosomea are from two to fourteen inches in lengl 

they may be three inches in diaEoeter; they are seen i: 

oompanieE, and when floating and revolving just below t 

bee, look like ineandeecent nds of ircn. The light is 

be polychroic in the Pyrosome of the Atlantic, or of 

green ; and it is azure in a gigantic species. It do^ do 

acconUng to Panceri, from every spot on the boily, but fr 

round spots, one on either side of each of the sooids, a 

over the portion of the ganglia of the nervous system, an 
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them (ggs. I and 2). 
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one. After a while tJ 
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tliat when the anima 
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this wonderful light-ei 
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Fig. 2, Th(i outer end of a siogle zooid, it gives out suddenly 

with liuuinouB spolB, onlrvr^d.J greenish light, large 

dimensions, and then : 

to the depths. Moseley writes : " A giant Pyrosoma was 

by me in the deep-sea trawl. It was like a great sac, w 

walls of jelly about an inch in thickness. It was four 

length and ten inches in diameter. When a Pyrosoma is 

I laU'd by haWng its surface touched, the phosphoi 

breaks out at first at the spot stimulated, aod 
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ever the siuface of tbe colony as the stimulatioo is transmitted 
ijo the BiuTousding animals. I wrote my name witli my 6nger 
n fke great Fyrosome sa it lay on deck in a tub at night, and 
Be came out in a few seconds in letters of fire." " Sir 
e Thomson, noticing the " blaze of phosphorescence " off 
B (^pe Verd Islands, states that the track of the ship was an 
■h irenue of intense brightneBS. " It was easy to read the smallest 
I print sitting at the after-port in my cabin, and the bows shed on 
I uther side rapidly widening wedges of radiance, so vivid as to 
i Ibrow the sails and rigging into distinct lights and shadows. 
I The first night or two after leaving San lago the phosphor- 
Lescence seemed to be chiefly due to a large Pyrosoma, of which 
;fl'e took many specimens In the tow-net, and which glowed in 
" B water with a white light like that from molt«n iron." f 

All luminous animals are not illuminators of tbe surface 
rater or deep sea, for some shine where their gift is not appre- 
iated by others. The biurowing shell-fish, Fholas (htctylus, 
juves hidden up ; but is nevertheless provided with photogenic 
jtmctures ami substances, and these are also nearly hidden io 
the enveloping tissues of the bivalve. The elongated cylin- 
ilrical shells are well-known objects in most cabinets, and it is 
. only necessary to state that the animal has a large foot, and that 
L the combined siphons are large, cylindrical, and furnished with 
k^inged orifices, Xow, the photogenic structures are two parallel 
^^Kmls, containing opaque white matter running down the an- 
lierior siphon, and two small triangular spots at the entrance of 
' it, and, lastly, an arched cord corresponding with the superior 
edge of the mantle, reaching to the middle near the valves. 
The c^trds and spots ai^e convoluted lobes of the mucous raem- 
brane. The cords stand out in relief, and their white colour dis- 
tioguisbes tliem, and although they are only elevations of the 
mbcuticular tissue, they contain special cells, or rather epithe- 
lium* which produces the phosphorescent matter. The whole 
sur&ce of the Pholaa is covered with ciliated epithelium, which 
dips down into all tbe parts of tbe animal ; but the special 
iftithelium differs from this. It is nucleated and crammed 
VAith granules, and the cells are very refinctive. The cells 
^faze very fragile, and allow their contents, i.e. granular nuclei 
Hjuid r^ractive granules, to escape readily. These are soluble 
in ether and alcohol. Under ordinary circumstances this pho- 
togenic apparatus is hidden ; but violence readily displaces the 
special cells, which burst, and their contents are carried all over 
■the surface by the water, assisted by the general ciliation. The 
^^rtute substance, fat-like, retains its luminosity when spread 
^ftmt on paper for houra, but the light does not appear to beaccom- 



' Moseley, " Not«9 of a Naturalist on the Cbftlienger." 
\ " Voj^e of the Cliallenger," ii, p. 85. 
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panied by an evolution of heat. WTien it is placed ii 
acid gaa, the light pales and ceases. On the other 
photogenic substance, when barely luminous, is rendered 
physical contact. Agitation, and the addition of fresh 
water, develop the light, and the same effect in prctdi 
electricity and by heat. The light is monochromatic, ai 
constant place in the spectnim as an azure band from 
that is to say, in the green, but in the more refrangible 
The luminosity of one of the sea-fluga of the Meditc 
and Pacific is as remarkable as the creature produq 
Living a pelagic life, Ewimming freely with a fan-U] 
tical tail, this bttle transparent Pkyllirkoe bucephala ^ 
fig. 4) ha£ no shell -when in the adult stage, neithw 
a foot, but its body is compressed and fish-shaped, and j 
round and truncated muzzle, behind which are two long I 
tentacles. It has no branchite, and respiration appeaxs b 
through the general surface. Now to add to the beauty 
translucent creature, light-emiasion from many distinct 
spots renders the tissues transparent and luminous. An 
it is swimming vigorously, the whole surface shines with a< 
light. The sexes are combined in this delicate slug, whia 
be a nice morsel for many a fish, and which must find it 
phorescence a fatal gift. There does not appear, hoW 
be any special phottigenic substance. The Ugbt conu 
globular cells with an envelope terminating in the oub 
of a nerve. The cells are nucleated, and at first sight la 
Pacinian bodies without their internal structure. Thw 
theless are terminations of nerves just under the cuticle. (H 
Some Ophiurana are brilliantly phosphorescent, and i 
be said from our present knowledge, that those wMch ' 
considerable depths are more so than the shallow-water' 
Their luminosity has no reference to the temperature J 
siu'face-water ; and such a species as Ophiacantka ejAt 
which has a great bathymetrical range, is intensely brilliaa 
dredged out of very cold water. Sir Wyville Thoms 
given a very interesting description of the phenomena iij 
Cruise of the Porcupine." He writes : *' Some of tbefC 
were taken late in the evening, and the tangles were ra 
over with stars of the most brilliant uranian green ; littJl 
for the phosphorescent light was much more vivid in the j 
and smaller individuals. The light was not constant n 
tinuous all over the star ; but sometimes it struck out a 
fire all round the disc, flashing, or, one might rather 
ing up to the centre : then that would fade, and a defii 
a centimetre or so long, break out in the middle of an 
■■ravel slowly out to the point, or the whole five ra; 
ig;1it up at the ends and spread the fire inwards. 
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UoeonlAix, only lately rid of their *plut<i,' shone very 

Tie position of the luminosity is removed from the nervous 
wis, and in decalciBed ppecimens I have failed to trace neiTous 
'Shments on the top of the disc and in the substance, or near the 
l^per arm-plates of the rays. But in a specimen from the 
ley aea of North Smith's Sound, collected during Sir George 
IFirefi' expedition, and sent to me for description, I traced 
I filmy mucous covering here and there, which seemed to be 
exaggeration of the excessively thin epiderm which evidently, 
the young forma, covers the plates and the bases of the spines. 
The disc ia covered with a crowd of minute epicular projections, 
Hch terminating in a bunch of small thorny knobs, or in three, 
finir, or more rather sharp spicules. Thei^e delicate appendages 
veloped within the skin, as are also the granular elements 
which constitute the plates of the arms. It is possible that 
the luminous property resides in this delicate epiderm ; and the 
probability is increased when it is noticed that the phenomenon 
is most decided in young individuals. It maybe possible, how- 
ever, that the Ophiuran has no photogenic structures, and that 
the light is the product of foreign animal substances which have 
become entangled by it as it moved over the mud of the sea floor 
. oa which it feeds. 

ta^ Many years since, Quatrefages, in a very exhaustive memoir on 
Btf phosphorescence of marine animals,* attributed the light 
|n the Ophiuran he examined to muscular contraction, and he 
foimd it arising between the plates of the arms. He did not see 
any luminous condition of the disc. But that this occurs is un- 
doubted, and there are no muscular fibres there. 
[ A considerable number of Crustacea are luminous under cer- 
ttn conditions, and the light-emission is sufficiently remarkable. 
n very transparent ten-footed kinds, and indeed in the small 
itomostraca, as well as in many of the Sand-hopper group, a 
ivid short-lived light is emitted. Its colour is often redder 
that of any other animals, and it is lociilized at first, for it 
arte from the junction of the legs with the body, and extends 
ipidly beneath the skin; and then it becomes diffused, the 
hole body glowing for a while. Some of the host of marine 
orms are luminous occasionally, and especially some of the 
enus Nereis and of the tube-making Chaitopterua. 
They emit a greenish light, and Quatrefages noticed that the 
lenomenon consists of a quick series of scintillations, which pass 
long several segments of the body, lasting but an instant. 
'he flashes can be produced by irritating the worm, and they 
ppear to accompany muscular contraction. Finally, as regards 

' See iHe literature af tlie Hutject at the end of my article '' Photogenio 
■uctutea "—" MicrogTapHc Dictionary," lliird edition. 
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marine animal luminosit;;, the Cuttles and Squids are glightl; 
light-emitting on their outer surface. 

I am not aware of any fresL-water invertebrate which p 
the gift, and the statement that InfuBoria are occasionall] 
luminous doea not appear to be founded on satisfactory evideB 

On land, certain Myriopoda give out a sparkling light, 
suiting from muscular contraction ; and there 19 a remark&U 
slug found in Teneriffe, L-imoic or Phosphorax noctihtcia 
which has a luminous pore in the posterior border of the maittl 
Many insects have little tiny spots on them which emit ligb 
and it would appear that the localization of the minute pheno 
menon is in relation with wax gtande. On the other hand, th 
great-headed Fulj^ora or lantem-fly is said by some naturalut 
to glow with red and white all about the forepart., and by otfat 
observers to do nothing of the kind. ' 

The great display is produced by some species of two fomilit 
of beetles, the Lampy^-idcE and Elaterida; and the glowworm i 
one of the former. Belonging to the genus tavipyi'ia, it is i 
classification, in the neighbourhood of the family Tdephorido 
and its close ally is the genua DrUua, in which great disparity be 
tween the sexes is not accompanied by luminous phenomem 
Lampyris and DriluB lead the same kind of lives, and in U 
larvaJ state are carnivorous, preying on snails, whose body tl 
devour during life. As every work on Entomology has descrip 
tions of species of Lampyrla, it is only necessary to groap t" 
gifts of all, in the following remarks. The large yellow egg 
even luminous on first leaving the body of the female. It is si 
on to moss, low grass, or even earth by a viscid fluid ; and when iti 
hatehed the long-narrow flat larva soon begins its cruel life, a: 
lias an apparatus for bnisbing off the slJme of its %'ictim. 
attains its full size in warm Aprils, and some turn to the p^ 
condition in the summer; but usually the larva lives on, hjbtt 
nates in the winter, and turns to the pupa in the spring. TH 
larva has photogenic organs on the antepenultimate segmest 4 
the body (PI. VI. fig. 9) ; they are on its under surface, one oi 
each aide of the middle line, and are like small sacs in sli^ 
Overlapped more or less by the segment in front, they hecomQ 
visible when the insect extends its abdomen, and then they an 
noticed to Iw luminous. On the other hand, when the body i 
retracted they are hidden, and the light ia not seen. Unds 
all circumstances the light ie excessively feeble. 

When about to undergo the first metamorphosis, this Iflrn 
becomes quiescent, and after skin-shedding, a pupa is presented-^ 
not a quiet one, however, for it baa the power of moving tb 
antenna, head, and legs, and of twisting its body about au 
pushing itself along by the alternate contraction and expansiM 
'''' '"domen. The female pupa is without wings, but Hi 
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■Mdebas them, and the elytra, in a rudimeDtary condition. Both 
■Mb slightly luminous, Tlie last nietamorphosis develops the per- 
fect males and females, the last being apterous, the former heing 

able to Qy. Both, and not only the females, as has been popu- 
larly believed, are light-emitting, but the lady has greatly the 
sdvantage in brilliancy and in the extent of her photogenic 
apparatus. In her (fig, 7) they consist of six separate thin sacs 
of a white colour, each one occupying most of the width of the 
underside of a segment of the body. They are situate imme- 
diately beneath the skin of the ventral surface of the three 
Kgments which precede the last but one ; and in the male they are 
on the penultimate and antepenultimate segmeuts only (fig, 8). 
In the female the sacs on the fouiih and fifth segments from the 
end are rectangular and large and the others are smaller. A 
(iin expanse of the common soft integument covers them, and 
they are in contact with the last two nervous ganglia, many 
Urge air-tubes, and, in the female, with the sexual orgaoff. 
Tbey are exposed and hidden by the expansion and contraction 
of the abdomen, and their light is visible under the first condi- 
tion ; but when in full vigour, the luminous appearance ma.y 
diminish, but not be quite lost under the second. This has some-^ 
tiling to do with the glowing. In all the grades of develop- 
ment the sacs are more worthy of the name of layers or laminiBi 
and they consist of a mass of large cells with nuclei, and re- 
fractive granules. These are aggregated without order, in the 
larva, and covered with an investing tissue, in which trachee 
(air-tubes) and minute nerves ramify, the tracheas entering 
^thin and coming in contact with the cells joining on to their 
"alls (fig. 10). In the female, the lamina is made up of a number 
of these cell-aggregates or organs, and there is a yellowish tinge in 
Uie part nearest the outer skin, and the back part is crowded 
Kith the refractive granules, and has a white and opaque tint. 
k is said, and one would like it more satisfactorily proved, thai 
'he refractive granules contain uric acid ; and, on the other hand, 
t is by no means certain that the whole is not closely allied 
o that very recondite and unstable organic compound, wax. 

Many entomologists are disposed to connect these highly 
atty, Ugbt-emitting organs, so well provided with air-tubes 
■nd nerves, and so close to those organs where the most rapid 
tructural changes progress in some periods of insect life, with the 
:reat mass of body and inter-muscle fat. This fat, however, 
jminishes with the advance of the sexual organs, and we know 
hat in some insects a positive development of immature young 
y^es place in it ; but the luminous organ is present in the 
irva, and is most developed in the perfect state. Hence more 
nowledge is required before these views can receive universal 
pknowledgment. 
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lb.DWA vcaca. '.AS Ike fire-fies which I caught h 
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with a diglit lOBtilbtiBB, winlst the uninjared ] 
olMCured. When the and was dwapititfed the ringi 
iminteniiptedly hnght, b^ aot lo brilliant as be&i 
irritation with a needle ahnji inoeved tbe ririda 
ti^t. Tbe riiif^ in one isataiKC retained their lun 
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MMilb tad the light comes from a ^t on either side of thi 
Z^BMt of the bwly, where there is a yellow oval mass of odl- 
' « and trachea), 
a great scope for thought and (ipeculation about lU 
jkAud it is evident that we do not yet know enough of tlw 
M^ aJ pJiysiology of the photogenic organs of many aninult 
~l^ our pro«Mit knowledge it is posdble to obtain sonw 
deGnitv idtos on the subject of animal luminoussos. 
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fimilaritj of the glow of the Lavipyris, and the light accom- 
piaying the oxidation of pbosphoma, aud there ia not enough 
(if there be any) of the element in these tiny things to account 
for the special phenomena. 

Fungi, decaying fish, and the flesh of lobsters are luminous 
mder certain conditions, but the phenomena differ from those 
if the living animal, and are no more to be satisfactorily com- 
)ared, than they are with the sharp emanation of light on the 
lystallization of tartar emetic, or with the results of the mixture 
f hydrochloric acid and arsenic during its crystallization. 

It is evident that in some animals there is no special photo- 
;enic structure ; that in others it is present as highly refractive 
ell contents ; and in the Insecta there are aggregations of these 
ella into special organs, which are supplied with air-tubes, nerves, 
nd blood. It ia equally clear that whilst in the first and second 
[roups, artificial irritation and the natural stimulus of the move- 
Qent of the sea-water increase the light, and even induce it, there 
s still the power of intrinsic self-ilhiniiiiation. Quatrefages points 
)Qt the extreme sharpness and brightness of the localiz^ spots of 
light on NoctUuca, and insists that in a corresponding mass of 
^m there is as much light given out as from the organ of 
lampyrla. There is, however, this difference between the light. 
It is extinguished in both in vacuo, but it returns only in the 
LampyriB. Two sets of phenomena are probably present, and in 
the simplest animal the physical cause of the light is probably 
dilTerent from that in the beetle. Certain it is, that all the agents 
which produce contraction of the protoplasm of Noctihica deter- 
mine tie light, and if a persistent contraction is set up, the 
light is equally persistent, and death resulta. As the light 
comes from spots about the region where growth, the deposition 
of fresh protoplai^m and its differentiation into minute granules 
are in full operation, and as moderately careful experiment has 
proved that there is no increase of temperature accompanying 
the light, the cause of it cannot be referred to "combustion," 
to oxidation, or to phosphorus, but to local and then general 
molecular movement of intense rapidity, which can produce 
lifht waves. In the instance of the Pholae large quantities of 
'Sb luminous substance can be collected, but the temperature 
bears no relation to the light. If twenty or thirty female 
jlowworms are put on the hand, which is rendered as visible as 
^ the light of a candle, there is no appreciable temperature 
ibove that of the cold, clammy insect. The notion of oxidation 
)f matter producing brilliant light without a measurable amount 
if heat is of no great value; and certainly if a female Lampyria 
{lowing on damp grass so as to be luminous entirely underneath, 
md to have her light visible for many paces off, could evolve a 
iponding or relational amount of heat, she would be fried. 
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During the daytime, if Lampyria be watched, wtiilst under 
shade, she is not luminous as at night, and it is difficult b 
irritation to get her to shine. Again, there is manifest p " 
of the light after midnight, and the neighbourhood of the 
causes both to flash out more. The influence of nerve is tb 
most manifest in the Insecta, less so when the structure 
rudimentary in the Alcyonaria, and it is absent in Noctilna 
But still, as the simplest nerve is protoplasm differentiaU 
slightly and formed into masses and long lines ; so even 
Noctimca, the light, situated as it is, at the very extremity of U 
thready protoplasm, which is ever streaming at its surface wi( 
granular matter, may he said to be in relation with localia 
potential, the energy of life. The phenomena of the so-cali 
pboBphori, or the luminosity of such substances as sulphide 
barium, even when the emission of light is brief, is a ooni 
quence of molecular change and movement. Certain mioa 
obtain this movement after exposure to the sun, or to artificii 
but intense light, and in its production the enei^ of the lig 
given has been transferred, and, as usual, more or less degrade 
One can understand that if there is an energy of life, linked i 
to the unstable albuminoid, the basis of animal and v^«t*l! 
organisms, and it can produce heat and electricity, it 
the highest physical potential, produce molecular 
sufficient to develop light waves. 
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Hg. 1. Koctilvfa miliaru, magnified 100 diameterc, ehowiug the fil« 
structure ; tbe fliigeUuniS(/) : oud the ciUum Ht the on) I 
tu» (»). 

„ S. NoetUftca miliaru, Blightl; mngnified and lunuuoiig. 

„ 3, Noctiluea iiiiliani, luminous portion Mghlj magnified. 

,, 4, Phyllirhor hueephala, phowinp'tbe luminous spots, 

„ 6. I)/romiiui ifiganleum, reduced in mifi. 

„ 6. Zampi/rii nociiluea, female, uKturol aiie. 

„ 7. The some; the luminous organe enlarged. 

„ 8, The mitle, ita luminoua orgaiu magnified, 

„ 0. Tbe larva, ita luninouB organs magnified. 

„ 10. Some light cella and their trocheie magiuGed, 
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THE BIKTH, LIFE, AND DEATH OF A STORM.' 
By ROBERT H. SCOTT, M.A., F.RS., &c 



THEN we are asked to give an account of the birth of a 
storm, we are reluctantly compelled to admit that our 
pnns are, almost without exception, foundllDgg, and that, as 

) precise conditions to which they owe their origin are, for 

! most part, shrouded in uncertainty, warm discussions at 
3 arise as to the parish from whence they have eet out on 
r wanderings. 

Dove said long ago that storms were due to the interference 
of the Polar current or the East wind with the Equatorial current 
or West wind. He gave the wiuds these names, because on his 
views the east winds really consisted of air flowing from the 
North or South Pole towards the equator, which was modified 
in the direction of its motion by its change of latitude ; while 
west winds were really due to air endeavouring to make its way 
hack to the Pole from the equator, whose course was in its turn 
modified by its moving from lower to higher latitudes. To the 
conflict of these two grand currents, east and west winds, Dove 
attributed all our storms ; but he did not attempt to explain 
how the currents came into collision. 

These views, however correct on their cosmical principles, have 
been superseded, of late years at least, as regards the explanation 
of our winds, by the modem views of the relation between the 
wind and the distribution of barometrical pressure ; but, unfortu- 
nately, we still remain in comparative ignorance of the ultimate 
causes to which this distribution of pressure, or the rise and fall 
of the barometer, are due. To give some conception of the exist- 
ing difference of opinion on these fundamental principles of our 
science, I may say that while some authorities maintain that 
the force of the wind in a hurricane is caused by the amount of 
barometrical disturbance which accompanies it, others hold 

" Founded on a Lecture delivered by the Author at the London_Institu- 
&m, J "t. 187S. 
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that the &U of the barometer at the centre is itself, ia gmt 
measure, due to the centrifugal force of the revolving mass rf 

Of the various theories which have been propoimded to 
account for atonns, which are generally more or less cyclonic a 
their character, I shall only mention four. 

I. Some authorities, and amongst Ihem our own countryman 
the Rev, Clement Ley, attribute the formation and subsequent 
progress of a stoim to the condensation of moisture, but they 
apparently ignore the fact that many of our very heaviest raiu 
do not give rise to cyclonic disturlrances of serious character. 
For instance, when on April 10 and II, 1878, 4-6 inches a 
rain fell at Haverstock Kill, we had no storm of wind at aU> 
In partial confirmation of this view. Professor Mohn, of Christi- 
ania, points to the accidental condensation of moisture csuited 
by the contact of a mass of damp air with the surface c" 
extensive snowfield as a possible cause of a storm. About tb» 
61at parallel of latitude the glacier region of Justedal stretdM* 
for several miles along the coast of Norway, and this has owa- 
sionally been known to exert an influence in increasing tbe 
intensity of an esisting cyclone, and even in some instances h 
appeared as the centre of a newly-formed depressioo. 

These gentlemen, moreover, rely greatly on the fact that the 
rain area which accompanies every cyclonic system ia roughly 
oval in shape, with its longer axis extending in the direction it 
which the system is advancing, and that by far the greatest 
amount of rain falls in front of the storm. They do not, hnif- 
ever, explain the fact that very heavy rain frequently o 
the northern side of a depression, where the wind ia easterly, 
and that this circumstance does not indicate a northward moltW 
of the syatem. 

The most serious objection to this theory is, however, that 
first stated, that not only do the heaviest rains not come with 
the severest storms, but that frequently they are observed io 
times of nearly absolute calm. 

2. The second theory to which I shall refer is the mecbauicAl 
one, most strongly urged by Mr, 3feldrum, of the Mauritiufi 
whose investigations into the weather over the Indian OceaB 
have led him to the belief that every cyclone is generated in 
the intervening space between two oppositely flowing current* 
of air, of which the easterly moving stream, speaking in the 
most general terms, lies on tbe polar side of the westerly wind. 
Such a disposition of the currrents would be that which would 
naturally arise were the cyclone once formed. 

This view is called seriously in question by Messrs. BlanfoK 
and Eliot in their diecuraion of recent cyclones in the Bay 
**»ngal, which they have been able to study from very earl] 
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t?, and in which they foil to see evidence of the pre-eiist- 
of two, and only two, determinate currents. 
Another serious objection to thia theory is that it does not 
issign a vera causa Bufficieut to give the Jirst impetus to the 
barometrical fall and the rotatory movement of the air. 

3. A third theory of the origin of these storms ia that which 
ia strongly urged by M. Faye, in Paris, and is to the effect that, as 
interfering currents in rivers give rise to vortices which extend 
from the surface downwards into the water, so all our water- 
spouts, tromhee, and even the largest tropical hurricanes must be 
ail formed in the upper regions of the atmosphere, and extend 
downwards to the earth : the force which gives them their on- 

■tard motion being supplied by the upper currents. 
bit is sufBcient to say that this theory has not met with accep- 
Hnce from any practical meteorologist, while it is directly 
%Hitroverted by recent invejttigation into the motion of cirrus 
douds, which show beyond a doubt that the motion of the upper 
currents of air over a cyclone is outwards, and not inwards, as 
the descending theory would demand. 
Bt Moreover, some of our readers may have noticed in " Nature " 
■SJanuary 16, a notice, copied from the *' Times," of the forma- 
Bsn OD the Lake of Geneva, on January 2, of a veritable small 
nteter-spout, 40 feet high and 10 yards in circumference, by the ■ 
meeting of two winds, known locally as the Fohn and the Biae, 
on the surface of the lake. Here the waterspout was raised, and 
did not descend from the clouds. 

4. The last theory we shall notice is that of the late Mr. 
TLomas Belt, who seeks for the origin of the disturbance on 
the ground, and, like M. Faye, assign the same explanation to 
the smallest dust-whirl eddies and the largest storms which 
sweep over the earth. 

This theory assumes as the first cause the heat of the sun. 
The heat-rays pass through tlie atmosphere without warming 
the upper strata, and so Mr. Belt supposed that over a sandy 
6oO a mass of air close to the ground might rise in temperature 
much higher than the superincumbent layers of the atmosphere. 
The lower strata would therefore become lighter, and a condition 
of unstable equilibrium would arise. This, however, could not 
last for ever, and, sooner or later, the heated lower air would 
burst up, and the ascending column thus produced would be the 
nacleus of the nascent cyclone. 

The difficulty in accepting this explanation is that we should 
like some ocular evidence of such a sequence of conditions. 
The supporters of the theory, however, point to accredited 
instances of the formation of whirlwinds over volcanoes like 
Santorin, and over extensive fires like those of Carolina cane- 
biakes. 
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la confirmation of tbeee views of the effect of solar heat in i 
producing a depression, I may cite an inveetigation by Dt 
Hamberg, of I'psala, who has found that in July, 1872, after a 
prevalence of intensely warm weather in Southern Sweden, 
pressure gave way over the heated area ; the isobaric line) 
following the trend of the coast ; and a rotatory movement va 
thereby generated in the atmosphere above it, resulting in a 
perfectly formed cyclone which passed on over Northern Finland. 
It would appear, therefore, that the pi-oduetion of acyclonio' 
disturbance may be attributable to more than one agency, as alt 
the theories mentioned have some facte in their favour. 

Leaving then this abstruse and imperfectly understood liaai 
of inquiry, let us proceed to a subject which yields us reaulte of 
more immediate practical utility : the character and history rf . 
the storms when they have once started on their travels. 

I shall commence by saying that a greater mistake cannot bf 
made than to assert that all storms are distinctly connected with 
cyclonic disturbances. 

The forcy. of the wind depemla on differsnoee of atmoapherieoL^ 
pressure over a given area, and the only reason why stormsare 
generally associated with cyclones is that these systems afford a 
the moat serious instances of disturbances of atmospheric eqni-- 
librium, and consequently of differences of pressure, which an 
met with on the globe. 

At any place where an area of relatively high pressure c 
into close proximity to an area of relatively low pressure, a g^' 
will result, and so a storm may be due just as much to the c 
of the barometer in one reg;ion as to its fall in an adjacent! 
district. 

For the same physical reason, however, that the eddies in a rim 
extend downwards, and the water does not pile itself up in I 
peak, the normal disturbance of atmospherical equilibriui 
the appearance of one of these vortices with pressure decrei 
rapidly towards the centre. Wherever there is a rapid (f 
there is a steep gradient, and consequently a strong wind. 

Defining the term cyclone, in its very widest acceptation, a 
indicating a region of diminished pressure, round and in upm 
which the air is moving along paths which are more symmetrical 
all roimd the centre the more perfect is the circular form of tli 
system, we must at once see that not every cyclone is i 
panied by a slonn. The fact is, that the direction and force a 
the wind are regulated by the difference of barometrical preeinn 
over a given distance, and not in any way by the actual heigl ' 
of the barometer at the station at which the storm is felt, or 1) 
the distance of that station from the point where the 1 
trical reading for the time being is the lowest. 

This explanation of wind motion is almost the only 
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trindple iriiidi has been reeognbed ia <nr teieooe donBg tlie 
nreKDt geoendoo, and its {Hactiol impottanoe ia dail; Covcing 
teelf more and more into paUio notaoe with tlie derdopmeot of 
'eatiier tel^npfaj. It U oeoallj known ander the name of 
tuys Ballot's Ixw, and is stated aa follows : — " Stand with yoar 
ack to the wind, and the barometer will be low^ on toot left 
and than on your right." 

The truth of this law is evident to anyone who looks at a 
'eather chart, but the Dntdi Professor, after whom it is named, 
hough be justly claims the credit of having persistently adro- 
ated the ac-ceptanoe of this relation of the wind to the distri- 
ation of pressure, was not by any meanK the first to discover it. 

The final result of all the inqoiries into the question is that 
n the mean of all winds the angle between their direction and 
lie tangent to the i^^bar at tbe place is about 20°. 

These principles of wind motion have a most important 
caring on tbe theory of the motion of the air in hiuricaoes and 
fphoon^. Tbe old popular idea of these phenomena is that the 
ir blew round und round the central calm in circles, so that 
ny Bailor caught in one of these storms could at once know that 
fhen he was hove-to, if be looked in the wind's eye the centre 
"ore eight points to the right in the northern hemisphere, and 
o the left in the southern ; or, what is the same thing, if he was 
fudding before the wind the centre would lie exactly on the 
tarboard \xam in the northern and on the port beam in the 
outhern hemisphere. 

Modem meteorologists, however, almost with one voice, 
ledare for a spirally inciu'\-ing movement as the most probable 
>ehaviour of the wind, as would be indicated by the angle which 
U direction makes with tbe isobars as just explained ; but this 
riew presents no novelty, for it was first stated about forty years 
>go, and Piddington, in hia " Sailor's Hornbook " says that even 
Etedfield, when propounding his " I,aw of Storms," etated : — 

" I have never been able to conceive that thewind in violent 
itorma moved only in circles. On the contrary a vortical move- 
iient, approaching to that which may be seen in all lesser vortices, 
i^dal or aqueous, appears to be an essential element of their 
violent and long-continued action, of their increased energy 
•"wards the centre of axis, and of the accompanying rain. In 
■otformity with this view, the storm figure on my chart of the 
torms of 1 830 was directed to be engraved in spiral or involute 
ines, but this point was yielded for the convenience of the 
■ngraver." 

We see, therefore, that when we trace back to its origin the 
elief that any storms are really circular, we find that it was 
the convenience of an engraver," which decided the question. ■ 

[3^ may be safely asserted that there does not exist for a single 1 
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instance of a WeEt Indian hurricane or China Sea typhoon, 4 
sufficiency of evidence to convince any unprejudiced invem 
gator as to what was the true path of the air in the storm. 3| 
show this path beyond the possibility of doubt, we require > 
considerable number of aimultaneous observations taken aH 
different sides of the storm centre. These, however, were ali 
forthcoming in the case of a single storm described by KedfieUj 
Beid, or Piddington, so that the authority of the founders of t&6 
law of storms cannot be cited as decisive of the question. i 

This suggestion of spiral motion must of course modify tW 
simple rule for a ship scudding, of looking in the wind's eye, sfll 
taking eight points on the starboard or port aide for the stanl 
centre, and indicates the probability that the true position of tlifli 
spot will be at least two or three points ahead of the bearing givdl 
by that rule, so that the ship, if scudding, may be graduoH 
approaching the most dangerous part of the storm. 1 

The recent investigations of Mr. Meldrum which have beeii 
thoroughly confirmed by Captain Toynbee's examination of tl4 
Nova Scotia storm of August 24, 1873, lead to the suspicion 
not to use a stronger word, that these cyclonic storms are H 
symmetrical at all, and that at some parts of the system i 
wind blows directly towards the centre, so that for a ship lo sn 
a situation, and scudding before the wind, the centre wouldJ 
right ahead. 

This is a subject which requires most careful study, in oi^ 
to see whether or not the time-honoured rules for handling a" ' 
in rotating storms require modification. 

I shall now leave the subject of the air motion, and pro 
to descril>e the phenomena of a cyclonic disturbance when 1 
passes over us. In the first place, very few of them, in i 
latitudes, exhibit much approach to a circular shape, as r _ 
the course of the inner isobars, and we may say that nona^ 
them develop equal violence in all segments. The reason ^ 
these differences in the force of the wind is to be found in t 
distribution of pressiye in the vicinity of the storm area, for 
on any side of that area there exists a region of high baromeb 
readings, on that side steep gradients will be produced, and OJ 
course proportionably great violence of the wind. The actual 
weather phenomena of a typical cyclonic disturbance, if plotted 
on a diagram, show very clearly how cloud and rain prfr 
vail over the whole front of the system, and how in the i 
where the wind is north-westerly, the sky clears up. Thei 
one fact worth remembering about these storms, and th&t | 
that just before the sky clears a very smart squall of rsin t' 
quently comes on; so that we get this practical hint, if dot' 

westerly gale we find the rain becoming exceptionally b 
may look for the weather speedily to clear up. 



, life; and dejLth of a stOBic. 249 

Such a diagram also shows us that it is quite a mietake to 
consider all east winds as dry ones, for in a cyclonic system the 
cloud area extends on the northern side, where the wind is 
easterly, nearly as much as on the southera, where the wind is 
from the westward. In fact, many of our wettest days occur 
with easterly winds, when one of these depressions passes to the 
south of the station where we may be. 

I shall now proceed to give a slight sketch of what we have 
leamt of the movement of storms. This, as far as we can see, 
is regnJated by the position of the areas of high pressure, or, as 
they are called, the auticyclooes. This is a term introduced 
about fifteen years ago by Mr, Francis Galton, to indicate an 
area of excess of pressure out from which the air is slowly whirling 
with a motion opposite to that which it has in cyclones. If we 
find an anticyclonic area existing over any region, we know that 
the cyclonic diBturbances will skirt round it and develop their 
Htrongeat wind on the side which lies closest to the district of 
high pressure. 

Thus if the anticyclone lies over France, the cyclonic distur- 
bances will move from west to cast over the British Isles. If 
the area of high pressure lies over England, the depressions will 
sweep outside the Scotch coast, and reach Norway nortli of the 
60th parallel. If the anticyclone lies to tlie westward, and the 
pressure is higher in Ireland than in Great Britain, there is danger 
of northerly gales on the east coast of England, from cyclonic 
disturbances travelling southwards over the North Sea. 

In every case the cyclone moves with the prevailing wind 
along its track. 

Unfortunately we know very little about the rate at which 
these storms advance, some of them moving at the extraordinary 
speed of 50 or 60 miles an hour, as for instance, that of March 
12, 1877 ; while others, like the West India hurricanes, do not 
attain one-fourth of that rapidity of translation. It is remark- 
able that the rate of progress bears no relation to the intensity 
of the storm, the slow moving tropical hurricanes being intinitely 
more violent than many of oui- rapidly moving disturbances : 
although the storm already mentioned in March, 1877, was 
severe enough, at least in the north of France, to satisfy any 
requirements. 

As regards the distance which storms have been known to 
travel, I may cite a very long-lived storm, which lasted nearly a 
fortnight in August, 1873, and which was traced along its course 
by my friend. Captain Toynbee, by means of the logs of 260 
ships which were in the Atlantic dining its continuance. Its 
history will be found in the last published work of the Meteoro- 
logical Office, "The 'Weather over the Atlantic Ocean during 
August, 1873." This particular storm wrought immenaeJ 



synoptic cbarte of the Atlantic. During that intej 
of depression were traceable across the Atlantic, tl 
rate of 18 a year. Testing these by wind reports & 
alone, he finds that the chance that a storm centre i 
the United States will strike England is only I ] 
causing a gale anywhere near the English coast i 
while the chance of its causing a strong breeze is ai 

Tliis brings us to a subject which has attracted i 
amount of public attention in this country and in J 
practical value of the warnings which have been ( 
the " New York Herald " during the last two years, 
tical Talue " I mean the value to our fishermen a 
sailors, for whose benefit, more than for that of se 
in large vessels, the whole system of storm-wamia 
called into beiug. It is evident that a warning whi 
imfulfillcd may meau a loss of some hundreds of 
lishing fleet; and although the storm to which it i 
hatt" reached some parts of the coasts of Europe, _ 
not visit the precise district where the fistung 
prttiiMruted at the time, the fishermen in that d 
uot benefited by the warning. On the contrary, th 
w\ir»c fur having received it, on the old principle t 
Wolf I" should not be cried too often, 

Of course, every word that I here say as to the i 
tnftnuugs is just as true with reference to warning 
iwrowD offiii' in Ltuidon as to those of the "New Yc 
Iwt i1h«6 Utt«r are often very general in their bc 
«»ttk oocasionally of a storm reaching the Britis 
rWilWiii. and afiecting Norway. This haul of the n 
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idJoted storm, is really tlie very disturbance which left the 

D cosste. 

Qje ezperieace of those who have studied cyclone tracks io 
a Europe ahowa that in winter, on an average, a cyclonio 
Drbance visits some jmrts of those regions every foiuth day, 
bat if a warning were announced once a week regularly, 
» would be nearly a certainty of aome sort of a fulfilment, 

results of fi inost careful comparison of these warnings 
^.the weather experienced by us during the years 1877-78, 
givea by the following percentage tigures : — 

Mill in;g 

Absolute si>ece!« . . . 17-51. „.. 2701 „ 

' Partial Buccesa . . . . 25-0 1*^-^ IS-o]^^ 

PMtialfaUure .... 15-0 1 .„ ^ 10-01 -.j. 

Absolute faUure . . . 42-6 j" " 46-0 f ""^ 



■'In order to obtain so favourable a result as 45 per cent, of 
iBral success, great allowances have been made. Thus it has 
^'considered an absolute success if a gale was felt on any 
[tof the coast, whereas the prediction was for all parts; and 
m three separate storms were predicted in one telegram, 
e of which arrived, only one failure has been counted. 
W'H is, therefore, pretty clear that these warnings have not, as 
Improved themselves to Im of much practical utility to our 
"ng trade and our fishermen. The question is a most 
sting one, and although a satisfactory solution of it has 
«n attained, we need not despair ; but we should attack 
a the scientific side, and discuss the results in a calm, 
Bsionatc spirit, and through some other medium than that 
"lettCTB to newspapers. 

Let us now leave these American warnings, and see what we 
know about the movement of stornns over Western Europe, 
pbicfa is the problem which most immediately concerns us here, 
t illustration has often been used that meteorologists, in 
ing atorm-warnings, and having to estimate the direction 
^nd rate of motion of every storm the instant it shows itself in 
ttieir neighbourhood, are in the position of astronomers ex- 
pected to assign the path of a comet from the first glimpse 
they get of it through a break in a cloud — a problem which all 
Mil allow to be impossible of solution. Accordingly, great 
'nterest attaches to the attempts made from time to time to 
lay down principles for forecasting the motion of the disturbance. 
I have already stated that, as a general rale, the cyclones 
liove round the anticyclones ; but this principle requires for its 
'pplication to storm-warning purposes, access to charts em- 
meing a very considerable extent of tbe earth's surface. These 
He very difficult for Englishmen to obtain, as our own daily 
iharts are very limited in area, and frequently do not exhibit 
iven the whole extent of a single cyclonic depression, much less 
.ta relation to the distribution of pressure all about it. Fot 
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those, however, who can cooBult such charts it is poeabl% 
to speak, to take their stand at a higher point of i ' 
survey the conditions prevailing, say over Eiux)pe, on i 
given day. 

II' the amount of change in the pressure or of rise and fall 
the barometer during the preceding night be plotted e» 
morning on suih a chart, it is found that the path of 
system for tlie day does not lie directly towards the n 
where the greatest fall has occurred during the night, b 
regulated to a certain extent by the direction of the line dn 
from the point of greatest fall to that of greatest rise. 

Another theory of storm motion, strongly held by those i 
attribute all otu storms to condensation of vapour, is that 
track of the depression Ib always directed towards the i^ 
where the air is dampest. This principle, like that Justnotii 
can hardly be turned to account in this country for our i 
practical benefit, inasmuch as the whole of tiiese islands af 
to be almost equally damp, owing to the proximity of mM 
our telegraphic reporting stations to the sea. 

Other BUggestions have been made in various quarters,! 
the view of throwing light on this very important aulgect ; ■ 
we cannot say that the results have met with general accept 
and the matter urgently demands further study. 

I must now come to the final portion of my tbem& 
Death of a Storm ; and on this subject, unfortunately, I 
very little to say. As we have not been able to produce 
dence of the birth of a storm, so have we never been 1b 
enough to find any one who was in at the death. In fact, S 
French meteorologists have hazarded the statement that sU 
can travel all round the world until at last they travel off it 
Storms have been traced from the Pacific coast of 1 
America across the Atlantic j but these instances are necea 
rare, and, as far as European experience goes, no storm air 
from the Atlantic ever travels far into Russia. This fact 1 
course, very much in favour of the condensation theory of il 
generation, which has already been noticed. The advoc ' 
this view plead very plausibly that, as the moisture in t 
is the food of the storm, so, where that moisture is del 
the storm dies of starvation. 

We may, however, point out to them that eddies in 
and dust whirls at street comers waste and wane withont 
assistance from vapour condensation. 

In conclusion, though it is a humiliating confession for 
make, meteorologists are as yet entirely in the dark aa 
reasons why one depression fills up while another b 
deeper. As I have already stated, no meteorologist is ■ 
give a straightforward answer to the simple question, ' 
causes the barometer to rise or fall ? 
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ON THE EXTINCT ANIMALS OF THE COLONIES 

OF GEEAT BRITAIN.' 

Bt Prop. RIOnARD UWEN, CD., F.E.S., &c. 



L,.T the conclusion of my student's career at Paris, in the time 

of Baron Cuvier, my first application of that {^eat teacher's 

pwa of Reconstruction of Extinct Animals from their FoBsil 

isina " wag to those of the British Isles,t of which study the 

itts, as relating to the manimals,t birds, and reptiles, § have 

I published. 

inert turned my attention to the fossil evidences of these 

a of animals in the Colonies of the Empire ; and I propose 

lubmit to the Royal Colonial Institute, on the present occa- 

t, the chief results in relation to the Cape of Good Hope, 

lia, and New Zeaknd. 

Cape of Good Hope. 

Ity present notice of the evidences of extinct animals of the 
i of Good Hope will he limited to those of the Reptilian 
I, to which the South African crocodiles, tortoises, lizards, 
(toads are now the animals nearest akin. Of fossil remains 
ints I have received none ; nor are any of the fossil rep- 
jl which have reached me from the Cape allied in genera, 
blies, or even orders, to those now existing in the world. All 
p.Cape subjects of my attempts at restoration are from what 
!■ commonly termed the "Karoo beds," covering an area of 
IT 200,000 square miles, extending between latitudes 35° and 
Esc S. and longitudes 20° and 28° E. They overlie deposits 

r A paper read before tbe liojnl Colonial Institute, May 6, 1679, and 
[ted bere by pcj-mia.iioQ of the Author. 

ts of the Britiab Assomtion," vols, for 1830, 1S41, 1842, 1S43. 
"History of Britisli Foasil Mamiunls and Birds," 8to. 1646. (VaB 
rt.) 

" Illatory of British Foasil Reptiles," 4to. Parts I.-VI. 1840-66. 
idiliahed by the Author.) 
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of Devonian and Carboniferous age, and include those ansi^ 
to European Permian and Trias, and consequently are of i 
date than the Oolites and Liassic cUffa in England from i 
have been derived, among other strange reptilian form^ 
numerous kinds of ichthjosaurs and plesiosaura. 

The Cape fossils are imhedded and petrified in ahala 
rocka of quartzose sandstone, the strata of which sli 
incline in their southern verge from horizontality. They 
to have been deposited from lacustrine or estuarine wat«n 
ing a lapse of time which may be conceived from the moB 
ranges into which they are now elevated. The following rt 
thickness of the fosailiferoua strata has been ascertainei 
the Stormberg Beds, 1,800 feet; at the Beaufort Beds, | 
feet; at the Koonap Beds, 1,500 feet ; at the Upper Eoc& | 
1,200 feet. These stratified beds, or basins, of ancient ^ 
have been, in the course of their upheaval, traversed M 
dykes, and the consolidating and elevating forces to wbifl 
shales have been subjected have converted them into the U 
and most intractable rocks that my chisel ever operate! 
they " strike fire " jit every blow. The difficulty of extri^ 
the imbedded teeth and bones of the strange creature! 
haunted the banks and shallows of the ancient lakes or! 
aries is enhanced by the near correspondence in colour d 
petrified parts to tlie dark, often black, rock in which ih^ 
enclosed. ' 

In the year 1838 Mr. Andrew Geddes Bain, employed J 
construction of a military road north of Fort Beaufort, obi 
in parts of the rock he was blasting portions like teetll 
fragments of bone ; these he transmitted to the Geoll 
Society of London, and they were referred by the Couij 
me to report on. The result was so novel that Mr. BaS 
encouraged to persevere in the collection and transmifld 
such evidences, and received for that purpose grants of 1 
from the Geological Society and from the Trustees of the Q 
Museum. I kept up communicjitiou with Mr. A. G. Baii^ 
his demise, and have continued the same with his soli 
Thomaa Bain, the present Surveyor of Roads to thei 
Colony, I 

The rich series of fossil evidences from these gentlemed 
been supplemented by specimens transmitted by sued 
Governors {Hir George Grey, K.C.B., and Sir Heniy a 
K.C.B.), by H.R.H. the Duke of Edinbu^h, by Dr. CH 
Atherstone, of Graham's Town, by Dr. Kubidj^ by J 
Orpen, Esq., Government Surveyor of the Cape, and by b4 
friendly colonists. i 

Besides separate Reports and Memoirs in the "TransacV 
of the Royal and Geological Societies, the foBsils so ret 
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we afforded subjects filling seventy plates of a quarto work of 
"0 pages of text. ' 
I J think the moet extraordinary, as it was the fir^ to be 
I, of the old Cape reptiles was a creature attaining the 
le of a walrus, and which, like thai amphibious mammal, had 
I pair of long, pointed tusks descending from the upper jaw. 
'> it had no other teeth, and it combined the two-tusked 
icter with a lower jaw, edentulous, like that of a tortoise, 
^ skull exemplifying crocodilian and lacertiaa structures. 

Uany species of this type, varying in size, came successively to 
band, and exemplified the genua called Dicynodon. Other 
two-tusked reptiles required a distinct generic section, called 
Ptychognaihue. A third extensive series carried the tortoise 
likeness further by the absence of tusks, but with the same 
composite cranial structure as in the Bidentals ; and, in short, a 
ries of Keptilia was brought to ligfat which necessitated the 
latiou of a new order in the class, to which was assigned the 
lomination of Anomoduntia. 
' Now, although no true coal has been met with in the Karoo 
strata, although present in the older Devonian series, at the 
Cape, called the Kowie Coal Beds, yet remains of a rich series of 
vegetation on the land traversed or occasionally visit«d by the 
Karoo reptiles have been detected, I was not surprised, there- 
fore, to receive evidences of huge herbivorous dragons, akin, 
although remotely, to our own liassic scelidosaura and the 
Wealden iguanodons. 

El The jaws of the Tapinocephali, of the Pareioaauri, and of 
|pe Antkodona were armed with close-fiet series of equal-sized 
Reth, having crowns adapted to crush and pound vegetable 
nnibstances, and were associated witli modifications of the skull 
for horizontal grinding movements of the jaws. A significant 
feet was elicited by scrutiny, and sections of parts of the back- 
bone of these Dinosauria. The bodies of the vertebra; retained 
more of the foetal atnicture than has been met with in any post- 
triassic herbivorous reptile. Those of jln^Aufion, for example, 
were Li-concave, as in fishes ; and those of Pareiosaurua and 
Tapinoc&pkalua carried the primitive embryonal character a. 
degree further. The apices of the hollow terminal cones, which 
nearly meet in the centre in Anthodon, quite meet in the other 
genera, exemplifying the persistence in those huge dragons of a 
continuous, beaded notochord. Hence the necessity of placing 
them in a distinct section of Dinosauria, called " Tretospondylia," 
and it may be, as our restorations become completed, that erpe- 
Kdogists will regard them as the types of an order distinct &om 
^■e later forms of Dinosauria. 

I 



^ 



" DeMriptioD of the Foawl Iteplilia of South Afrioi,'' 4to. 2 vola. 1876, 
f Professor Owon, PubliBhed by the Trustees of the Britisb Musenm, 
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In the Trias of Europe had been found the jaws and poiti<mi 
of skull of a fossil creature provided with large flattened cnub* 
ing teeth, like a pavement covering the palate above, and tb> 
correspondingly broad tracts of the under-jaw. These fossils w 
referred by Agassiz and H. von Meyer to a supposed extinct iA 
PUico'las. The first specimen of this rare genus that came bi 
my bands, from Germany, showed, however, characters whio 
led me to think it was a reptile, not a fisb. It was with mud 
pleasure, therefore, that I found among the Cape fossila an n 
equivocal and larger extinct reptile, prorided with sin "" 
crushing teeth, and with these only ; forming, likewise, a psn 
ment upon the palate opposed to similar teeth on a br« 
alveolar tract of the lower jaw. .Since describing and figuri:; 
this fossil, under the name Endothiodon, I have lately receive 
a second species of the same genus, also from the Karoo bedi 
It is, of course, significant to not« that the only analogous fon 
of reptile from localities elsewhere than at the Cape had left ttl 
remains in deposits of TriaBsic age. At the present day, t] 
only known aquatic vertebrates adapted by their teeth to crac 
and crush shell-fiah belong to the class of Fishes; such, £ 
example, are the Wolf-fish (Anan'kickas) and the Port J 
son Shark (Cestracion). 

An extensive series of Reptilia has been brought to light fron 
the Cape fossiliferous beds above specified, which were of a 
strictly and decidedly cami\'orous nature than the Dicynodonti, 
combining upper tusks of a more piercing and trenchant dur 
racter opposed to a pair of similar tusks below, crossing is (tea 
of the upper pair when the mouth was shut, lliese killin 
and holding teeth, like the canines, or laniary teeth, of theli 
and dog, were preceded by incisor teeth of a similarly pointy 
shape, and followed by molar teetli, of the character of tboi 
called carnassial or sectorial in Mammalian fera>. This type C 
dentition, in which the " iocisors," " canines," and " moUit 
can be specified on characters of size, shape, and relative pod< 
tion, had hitherto been unknown, save in the Mammaliao clastf 
but it is combined in these exiinct Cape creatures with a t " 
reptilian or cold-blooded cranial and vertebral structure. W 
this guiding evidence of the reptilian class of our present setii 
of fossils, I further found, associated with such dentition, that t1 
teeth were retained, as in Mammals, sufBciently long for th 
fangs to dwindle anil Income consolidated at the implanted end 
that the humerus, with ridges and processes adapted to as fi 
evolutions of the fore-paw as in the lion, also showed a cai 
for the passage and defence of a brachial artery and nerve, 1 
present in any existing kind of lieptile, but characterizing tJl 
humerus in many, especially feline, carnivorous Mammalil 
Fiu^hermore, that the paws were supported by joints oi i' 
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langes in the same numbers, or according to the same formula, 
IS the Mammalian paw. 

Detecting many and varioiis modificatioDH of this carnivorous 
epdliau type, I felt constrained to group them into a distinct 
rder, called Theriodontia. This order was exemplified in 
buth Africa by a species and genua {TitanmiLchuH ffrox) aur- 
againg the lion in size ; by others as large as a leopard {Lyco- 
nurw* paTdalis) ; and by others, again, as small as a cat or 
ramart {GalesaiLmaajiA Procolophon). I may also note a fact 
f some significance, that the incisive formula in the Theriodonts 
J not that of the higher or placental Mammals, but of the 
»wer, more reptilelike, marsupial ones. Thus, Cynodraoo 

■ £ — ~, like the opoBsimis {Dideiphis); Lycosaurwi has 

^^^, like Thi/lacinu8 and SarcophUita (the native hyaena 

ind devit of the Tasmanian colonists) ; while the placental 

CBmivora never show more than i — -. 
3-3 

In the existing Reptilia the characters above specified are 
wanting. They would have been unknown and unsuspected as 
reptilian ones, save for such researches as are here eumnmrized. 
[f the gap in the series of animals continued from the Triassic 
to the present period had not been filled up otherwise than by 
reptiles, the living remnant of that class would have testified 
» total loss of such gains of organization as had enriched the 
Jredecessors of modem tortoises, lizards, and crocodiles. 

We now know, through discoveTy and study of fossil remains, 
hat not one of the gains which benefited our extinct reptiles 
las been lost, but has been handed on, and advanced through a 
ligher type of vertebrates, of which mammalian type we trace 
he dawn back to the period when reptiles were at their best, 
jandest in bulk, most numerous in individuals, most varied in 
pecies, best endowed with kinds and powers of locomotion, and 
rith instruments for obtaining and dealing with lioth animal 
,nd vegetable food. 

Then obtrudes the question, and will not be parried. Has the 
ransference of structures from the Reptilian to the Mammalian 
ype been a seeming one, delusive, due to accidental coincidences 
n animal species independently created ? Or, was the trans- 
erence real, consequent on the incoming of modified species by 
vay of descent, and through the operation of a secondary law ? 
!!ertain it is that the lost reptilian structures defined in this 
>aper are now manifested at the Cape of Good Hope by quadru- 
)eds with a higher condition of cerebral, circulatory, respiratory, 
ind tegumentary systems. But into these higher generaliza- 
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tioDB of biological science it ia beside my present purpose i 
enter. 

I therefore next proceed to notice the Extinct Animals nf il 
Colony of 

New Zealand, 

When Cook le-discovered,* or, for us, virtually disooven 
New Zealand, in 1769, be was accompanied by Solander, 
pupil of Linnietis, and by Joseph Banks, an ardent collector 
facts and objects of Natural History. They made every eSo^ 
and tried every means of inquiry of the friendly natirei^ i 
pursuance of their quest. A dog, resembling that whicb t' 
bad seen iu the Polynesian islands, and probably introduo 
into New Zealand by the Maories, was noticed, and a species 
rat was obtained, which was fostered for food by the aaUvf 
Bats had flown thither, but no wild land-mamraals wore ft 
heard of. Although Captain Cook was enjoined by the ** Adn 
ralty Instructions" to bring home "any extraneous fosaile" 
might meet with, none sueh were obtained in New Zeaknd 
nor could any information be extracted as to any beast or h 
notable for its large size that then existed or had existed in t 
island. In the Maori "Vocabulary" appended to the "Voyage 
neither the word *' Moa '' nor " Movie " occurs. The natal 
gave no sign that they knew anything of gigantic birds « 
bad served their ancestors for food. 

Subsequent expeditions, having natural history more < 
in view, sent out by the French Government, were equally II 
successful. The accomplished zoologist LesEon, accompooi 
the Voyage lie l<t CoquiUe in 1820. MM, Quoy and Gainu 
were attached to the Astrolabe (1827). The Zonlogie of bo 
voyages was brought out in detail and with rich illustratioiu I 
the French Government, but no clue to the singular ext 
avifiuma of New Zealand was obtained. Confirmation waa 
corded of the small wingless bird, the Kivi, of which Capti 
Barclay of the ship Providence., had brought to England a aJ 
in the year 1812; but no idea waa suggested of the giguU 
race of whicb that bird has proved to be the sole survivor. 

One afternoon in the year 1838, as I wasj preparing fot 
lecture, an individual was announced, who unwrapped a 1 
whicb he stated he had obtained in New Zealand from a oatji 
who told him it was the bone of a great eagle, and for 1 
specimen the man asked tlie sum of ten guineas. I asBil 
him he had been misinformed, that no bird of flight had a bi 






* Abel Touuiin resched the weet C08«t of New Zcnlanil in December 1643. 
He made no observationB on the btiimala or producla of the ialanda, ul 
departed, after the slaughter \>j tbe natives of four of hi« crew. 



OF THE COLONIES OF OBEiT BRITAIH. 259 

F that strncttire ; that it was a " marrow-bone," in shape and 
ze like those brought to table wrapped in a napkin. 

To further questions as to its locality, the vendor replied by 
lowing, among other evidences, a jade-atone weapon, which \ 
lew to be peculiar to theNewZealandera;and heatill attached 

much value to the unpromising fragment, that I consented 

try to make out the bone if be would leave it, and call the 
■xt day. 

After "lecture," I took the bone to the skeleton of the 
, expecting to verify my first Burmise ; hut with much re- 
coblance to the abaft of the thigh-bone, there were precluding 
Berences; from the arm-hone {humerns) of the ox, which 
lo affords the tavern delicacy, the discrepancy of shape was 
are marked. Still, led by the thickness of the wall of the 
UTow-cavity, I proceeded to compare the bone with similar 
led portions of the skeletons of the various large quadrupeds 
lich might have been introduced and have left remains in 
Bw ZeahLod. 

In the course of theae comparisons I noted certain superficial 
ipresaions which recalled to mind similar ones which I had 
leerved on the aurface of the bones of some large birds, There- 
wn, I proceeded to the skeleton of the ostrich. The " bone " 
llied in point of size with the shaft of the thigh-bone in that 
rd, but was different in shape. In the latter character 

was more like the thigh-bone of the cassowary ; but it 
ifered in a more important particular from that bone in the 
trich, cassowary, emu, rbea, and eagle, inasmuch as in those 
rds the femur is " pneimiatic," or contains air, whereas the 
ige bird's bone in question had been filled with marrow, like 
e thigh-bone of a beast. 

I was almost staggered by the conclusion in which I was 
aded. Could a bird as big as an ostrich, and of a more 
assive build, have ever found sulraistence in so small an island 
New Zealand ? All analogy seemed against it. The ostrich 
18 the whole continent of Africa for its home, the rhea roams 
er South America the emu over Australia, the cassowary over 
■w Guinea 1 

These considerations, indeed, told more strongly with the 
en master-ornithologists, my seniors. Vigors and Yarrell, and 

whose judgment I looked with due deference. Yet their 
jpticiam was more natural from their not being practically 
miliar with the force of palieontological evidence. And, as I 
ged, this huge bird, if I could be credited, was new to Science, 
d BO might as well have come from New Zealand as from 
lywhere else. In short, the " Paper " was admitted into the 
rra-nsattiona " of the Zoological Society, with one plate, giving 
iir views of " the bone " in question. 
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On the publication of tbe volume in 1839, one h]j 
extra copies of tbe paper were struck off, and tbese I distd 
in every quarter of the islands of New Zealand where att 
to such evidences waa likely to be attracted. 

At that date their acquisition to Great Britain was i 
promoted by the " New Zealand Company," whose agents 
tain William Wakefield, waa zealously carrying out Uie [ 
pies of colonisation advocated by his brother, Edward Q 
Wakefield. Through J. R. Gowen, Esq., a director of tl« 
pany, the distribution of my paper was recommendei 
efficiently carried out by Captain Wakefield. 

The missionary promptly worked in the track of the co 
Imperial ' recognition became inevitable. First a Gol 
then a Bishop, Dr. Selwyn; afterwards a Chief Justig 
friend Sir William Martin, went out. Upon each anj 
pressed the claims of the possible big bird of New Zeali 
attention according to leisure and opportunity. The yean 
and 1841 passed, and I began to doubt, but misgiving wt 
further than aa to locality ; of the bird itself I may eay 
"cock-sure." Toward the close of 1842 came the m 
letter of the Rev. William Cotton, M.A., companioQ ( 
Bishop, announcing the discovery of big bones in the ( 
Island ; and this was followed by the arrival of a boxful ] 
mitted by a fellow-missionary, now tbe Right liev. Bishoj 
Hams, to Dr. Buckland, by whom these specimens were geiH{ 
confided to me for description. They included a, nearly ] 
specimen of the bone of which I had received the shaj 
with it the other bones of the hind limb of tlie samtj 
These afforded adequate grounds for defining a genus Dir^ 
and a species atrutkioides. But what I wae not prepi 
»ee, and saw with amazement, were similar evidence! 
larger species of the same genus, a Dinomia higens, and 
remains of a still larger kind, Dinornie gigantejts. Bub 
not these be parts of individuals of tbe one and tha 
gigantic bird at different stages of growth ? The answer | 
question is given by the well-marked characters of iinim 
which the bones of the bird's leg display,aud especially the tl 
metatarsal Iwne, which is a compound one, and does iiot« 
the consolidation or coalescence of its three or more eand 
elemental until maturity is reached. Moreover, with tibs 
evidences of birds of the same genus, Binpa£.sing in n 
previously known, were others of smaller size, also of fult 
birds. They indicated the former existence in New Zeal 
a Dinoitiia casuarimis, a Dinornis drovt'uiides, v. Ail 
otidi/wmis, so called as agreeing in size respectively in 
caasowaiy, the emu, and the bustard. Of the latter I 
I fluently received remains justifying its title to a dtstine^ 
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'lig. All the others belonged to the geous Dinomia, 
wndence vas kept up with every contrihutor in New 
d of specimeDS and of information bearing upon this 
apter in Ornithology. Year by year accessions of fossila 
1 me ; all were of the class of Birds, 
vidence of an extinct mammal or of an extinct reptile 
lierto been obtained from the comparatively recent for- 
yielding the avian remains. The progreaa of restoration 
two directions, one in perfecting a. knowledge of the 
ikeleton of an individual, the other of the specific and 
modifications of these extinct winglesa birds. The law 
dation, justifying the affirmation from the first fragment 
3 bird was terrestrial, incapable of flight, proportionately 
and more sluggish than the ostrich, was vindicated by 
covery of the small and keel-less breast-bone, and Igr 
atirely Btill smaller scapular arch, which, moreover, in- 
an entire want of wings by the presence of a ridge 
he socket for the mnin wing-bone should have been, and 
t exists in the ostrich, and also in the apteryx, in which 
g is reduced to the smallest relative dimensions among 
J birds. If any still smaller mdiments of a humerus 
have existed, and have been stispended by ligament 
scapnlo-coracoid arch, in DiTwrnia, such (specimen has 
reached me. Means of restoring the skull, the pelvis, 
tebral column, and the entire foot successively arrived, 
next and very remarkable kind of Dinortiia was cha- 
ed by the relative thickness of the bones of the hind 
id suggested the epithet elephantopus. This elephant- 
lird was as tall as an ostrich, but must have outweighed 

least, of that largest of living birds — the " AviuTii 
n" of LinniBUs. But I was favoured next to receive 
I of a DUuyrnis which as much surpassed in aize the 
!(W as did this the ingeiia. Deeming then, as now, 
i limits of hulk were surely reached, I committed my- 
the -noTnen upedficwni of D^inornia inaxim/ae. Of this 
loua bird you may see the skeleton in the British Mnseuin. 
ht the articulated casts of that of the MegaUieriwrn, 
■.wn a suitable equivalent, in which the accomplished 

of the Natural History Museum at Chriatcburch, 
>ury Province, South Island, concurred. Dr. Von Haasi 
the same pleasure in adding that evidence of one of 
jest extinct mammals to hia museum at the Antipodes 
re experienced in the addition, due to his discovery in 
nmark swamp of the maximised Moa, of the skeleton of 
:& in our National Museum at home, 
species of Diiwrnia now more or less completely reston 
een in number: ^^z., st.vitthioides, iiifjenB, gif/aiiiv 
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(Iromioidee, casuarinus, rheides, m-assvs, ffravis, graeHi^ 
geranoidea, robustus, elepkantopiis, curtne, and inaxiTivua. Th 
last two exemplify the opposite extremes of size in the eiUna 
genua. 

Our knowledge of these extinct winglesa birds, is not, howeveq 
restricted to their osteology. Some have left their remains i 
caves, and under other conditions, which have enabled \ 
study and compare portions of their skin, and even 
plumage. The feather, as in other Higlitless birds, had looi 
barbs, and it was provided with an after-shaft, two featha"^ 
growing out of one quill, ae in the cassowary. Of the skin I 
the sole of the foot, and of the form and substance of the U 
I have had evidence from footprints in tidal clay, and &om a 
of such; I have also received evidence of the eggg of tJ 
DiTiomis. Perhaps one of the richest localities of the remui 
of these extinct birda of New Zealand was discovered by tl| 
Rev. Richard Taylor, M.A., of the missionary station at Watt 
ganui, near or along the shore at Waimate. " It appeftred, 
he wrote, " to be a regular necropolis of the race." From tU 
locality was obtained the specimens subsequently obtained If 
purchase from Mr. Walter Mantell, for the British Museum. 

The spread of colonies in different parts of both islands n 
New Zealand, with concomitant growth on my part of ooit^ 
spondence and appeals for search, collection, and transmisnes 
of fossil remains, have resulted in a corresponding harvest tC 
such evidences, from which, besides the confirmation and i*- 
storation of the above-cited species of Zyiiiorttis, indic&tttnMiC 
other extinct wingless or shortr-winged birds have been reoeivti 
They have included two kinds of coot, one {A'ot(/rnia), of tte 
size of a turkey, the other (Aptomis), nearly as big as a ca9»-- 
wary; a third kind of bird (Cneinior}iie), in the leg-bone dl. 
which characters like those of a natatorial bird (C'oiyniima)w 
pointed out,* was subsequently shown by Dr. Hector, of Wd 
lington, Mew Zealand, who olitained an entire skeleton, in t^ 
North Island, to be most nearly allied to a large anserine b' 
{Cereop«is') still living in Australia-t But in the stiU li _^^ 
extinct goose of New Zealand, as in the large coots aod kift 
the wings had become too small for flight- 

Tbe most remarkable exception to this flightless charactari 
the extinct birds of New Zealand was discovered in the Gltr 
mark swamp, in the form of bones having the nearest re« 
blance to those of the Kahu Harrier-kite of the island (CTrfl 
Qmddi), but of a size surpassing those of the largest coodori 

"Tmn*. Zool. Soc.," vol. v. (1865). 
t " Proc. Zool. Soc.," fivo. 1674. " Wingless Birfj uf New Zodland." 
1, pp. 2*^, SOC; pis. liri.-btx. scr. ci. eiv. 
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Jammergeyer.* I suppo§e this huge bird of prey may have 
lurried and carried off the chiL-kens of the gigantic Moas ; and 
that the extinction of the Ifai-pagomis, as it has Iwen termed 
by its describer, the acconipliBhed naturalist, Dr. Von Haast, 
Way have followeil as a consequence that of its prey. So grand 
a bird of flight could hardly have escaped the notice of the 
natives with whom Banks and Solander communicated, or of 
■uch an acute ornithological observer as the monographer of the 
eadsting avifauna of New Zealand, Mr. Builer, of Wellington. 
It may be that some lingering tradition of the bird led the 
Maori, from whom the first indication of the fossils of New 
2eslaDd was obtained, to call it '* the bone of a great eagle." 

More than one story of still existing Moas have found their 
iray into New Zealand newspapers ; but, like those of the great 
■ea-serpent, they lack the data requisite for scientific acceptance. 
In both cases the proper attitude of the naturalist is the " ex- 
pectant " one. 

When the 6rst portions of the i-keleton were described and 
figured in 1847, upon which the former eicistcnce of the great 
flightless coot of New Zealand was affirmed, the Notornis was 
concluded to have passed away as completely as the Dliiamis. 
But it fortunately happened that Mr. Walter Mantell, visiting 
the south-west part of the South Island, in 1849, came upon a 
party of seal-flshers who had captured the living bird on the 
shores of Dusky Bay, and had luckily kept the skin after cooking 
snd eating the unique specimen. The skull and leg-bones 
liTOUgbt to London with this served to identity the species and 
genus ; the skin, beak, and feet confirmed the inference from 
file fossils. This specimen of Notomia Mantdli was purchased 
by the British Museum, where it may now be seen, f 

I suppose that any captor who should bring his Dinornia alive 
to London might reckon upon a rich reward from the Council of 
the Zoological Society. 

At present all I have been able to get, besides the bones, have 
beea brains,} rings of the ivind-pipe,§ gizzard stones,|! eggs, 
feathers,^ and bits of skin," of unquestionable Moas. But how 
about the brain, it may be asked, unless you had a fresh bird ? 
A very pertinent question. The brain is represented by a cast 
of the interior cranium. It is relatively smaller than that of 

* Op, cit. vol. 1. p. 141 ; plfl. cv. cvi. crii. 

t Nbtomit Mimldii is li^red of thu natural siie as fronlifljiiece to my 
■work (4to. 3 vols. 1870), "On the ExiiocfWingleas Birds of New Zealand," 
t Op. cit., p. 320, pi. xci. fl(f. IJ. 
5 lb., p. 327, pla. icii. xciii. 

II lb., p. 337. pi, scii. Hg. 8. 
f lb., p. 440, pi. criv. figs. 8-n. 
"• lb., p. 443, pi, lni. and pi. ciiv. fig. 7. 
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thf ostrich, which is reckoned the least intelligent of liring 
birds. 

My first acquaintance with the eg^ of Dinomis was foonded 
on the fragments of the shell obtained from ancient cookiBg- 
pits.* Thereupon I hroke up an ostrich egg into similar frag- 
ments ; then compared the curves of their outer surface. The 
long and the short diameters, Le. the longitudinal and the tnuu- 
verse dimensions of the egg, were thus indicated io the ostrich 
fragments; by like indications in those of the hits of the 
Dinomia egg-ahell, I recompoaed the longitudinal and tnu^ 
verse contoiire of the entire egg, aa sho^vn in Plate XC. of the 
undercited work ; and such egg I hypothetically referred to the 
Dmomis elepkantnpua,] 

In the year 1865 the entire egg of a larger species was « 
to London, and subraitted to my inspection. It fetched lOOt 
at the sale by auction at Stevens's rooms. Its history is it 
follows : — A colonist, digging the foundations of a store St 
Kaikoura, Canterbury, New Zealand, came upon the skeleton rf 
a Mauri, who had been buried in a sitting posture, and upon 
his lap had been placed, at the interment, this egg. His gmo' 
stone adze was also foimd in the grave. From the superiority 
of length of this egg to that ascribed to the Binorfiia elfphait^ 
topus, with a minor degree of transverse diameter, I coatM^' 
it might bi-'long to the taller and lesa robust species, Dmonai 
ingeiis.X I subsequently received from Dr. Hector iDt«IligeiK0 
of the discovery of an egg of the Duiorhis crusHiLS, i 
some bones of a partly-hatched chick ; they included a si 
pelvis, corar.o-Bcapular arch, showing the unerjui vocal chi 
istics of their genus,5 but no wing-bones. On these and act 
other data I have formed an estimate of the size of the e 
of the DlnuTuiji manmiis, at sixteen inches by twelve inchei 
in the two diameters. || 

The living Kivi (Aptei'i/x) is remarkable for the large } 
portional size of the egg, of which it lays but one at e 

procreative season. It is probable that its extinct | 

kindred could as little afford a relatively greater incubating ai 
to the shelly case of their embryo. 

Of the numerous transmissions from divers localities in bot 
i^ands of New Zealand, not any have included a bone of a Ii 
mammal having any claim to be considered an aborigin 

• •' Proceed iDgB of the Zoolagicnl Society of LonduD," Part rs. If 
p. 12. 

t " MetQoiw OD Ihe WinglesB Bird* of New Zenland," 4to. vol, i p, J 

pi. XC. 

I lb., p. 318, pi. cxTii. 
i lb., p. 319, pi. cxv. 

II lb., p. 330, pi. xdi. 
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des, or belonging to one which aaa become estinct, and 
laid have been otherwise unknown. Now and then, though 
sly, the bone of a rat, of the Maori dog, and of a seal could 
picked out. 

New Zealand ne\er had an indigenous Mammalian fauna 
iparable to the rich Marsupial one of Australia. A bat or 
flits in its atmosphere, seals baunt its coasts, and thereupon 
ccasionally stranded the carcase of a whale. 
■When the Maori first landed he found no kangaroo or other 
rbivorous beast to yield him flesh. The sole source of that 
pd, the more needed from the absence of the bread-fruit and 
nar-nut trees wliicb be bad left at Hawaii, and the colder 
imate of tbe land to which he bad been driven, was in the 
lus kinds of huge birds incapable of flight. These, it is 
ident, had overspread both islands, Tbe rich development of 
19, with nutritious elements in unusual proportion in the 
X, of which the Maoris still avail themselves for their 
lurite bread, formed a perennial table for the support of 
feathered bipeds, to which divers other kinds of vegetable 
rishment were doubtless added.* Koot-prints on the sea- 
re suggest their varying their diet by picking up marine 
is. For how many centuries before the unfeafhered 
med appeared tlie Dinomithidio bad roamed supreme over the 
HDds there are no adequate grounds for estimate. 
There are evidences of different kinds that the extirpation of 
le extinct birds of Xew Zealand was the work of man.f The 
testion of the origin of these wingless species is a deeper one. 
ito that I have entered, as far as there seemed to be any data 
r guidance, at the conclusion of the work on the subject of 
le present section of the communication now offered to the 
Bstitute.t 

Australia. 
I finally proceed briefly to state the chief re-sulta of paljeon- 
Hogical research in the Colonies of Australia, restricting the 
■eaent notice to the extinct species of the Mammalian class. 
be labours of zoologists in the discoveiy and determination of 
le existing kinds have made generally known the fact of tbe 
|«valence in the Australian continent of the peculiar group 
iUed Marsupialia, or pouched beasts ; those, viz., which pro- 
! their young prematurely as compared with the rest of the 
I, and transfer them to a skin-bag covering the teats, to 
rliicb the embryo remains attached till it gains the size and 



6w the aection "On the Food, Nests, and Tradiliona of the Moas, 

dt. vol. i. p. 450. 
tib. 
1 Op. dt. vol. i. p. 4(50. 
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strength of the ordinarily born young in the more highly orgui- 
ized or placental Mammalia. But one existing genus of tbw 
Marsupials is known elsewhere in the world — the opoHum!, 
Tiz,, of America (Didelpkis, Linn.). Our knowledge of the 
various mudilications of the Didelpha of Linnaeus hail been 
derived exclusively from th& remnant of that vast Melanesiu 
continent of which Australia, Tasmania, New Guinea, and a few 
outlying insular fragments now remain. The carnivorous kindi 
are represented by the Tasmanian Thylacine, of the size of the 
wolf, by the somewhat smaller Sarcophile or Devil of the Tii- 
manias colonists, and by still smaller Dasyures or native cat* 
and weasels of Australia. The insectivorous kinds are repre 
aentedbythe haadicoota {Pfii-amaUSfAfyrmecobius, Cheeroptu); 
the frugivorous species by the arboreal phalangers, koals^ ud 
petaurists ; the root-eat«ra by the burrowing wombats ; the 
grazers and browsers by the munerous and varied family of tl» 
saltatory potoroos anil kangaroos. The largest existing mareupitl 
in Australia is the Boomer kangaroo {Macrapus major). TlW 
skull of the biggest kangaroo which has come under my oteo* 
vation does not exceed eight inches in length. Such a kanguw 
will outweigh by one-half the biggest thylacine. 

John Gould, in his beautifully illustrated work on "TTw 
Mammals of Australia." gives the length of 2 ft. 2 in. to th» 
wombat of Tasmania {Phascolomys urainus) ; the bones of ti» 
Phaecolovtye latifrone of the Australian continent indicata • 
somewhat larger animal, but the skull scarcely exceeds 7 in. in 
length. The skull of the largest of the extinct wombats ii 
more than a foot in length. 

Between this and the largest existing wombat were two other 
species of intermediate dimensions; there were also womhsU 
distinct in kind, but resembling in size, the two or thr» 
existing species ; finally, there existed a smaller speciee !»' 
Australia. All these have passed away. Admitting the specifis 
distinction of the two kinds of wombat now living in Anatialili 
and that of the sole existinj^ Tasmanian species, fossil r^nudci 
have made known the former existence of seven kinds whid 
have become extinct. These wombats ranged from the k 
a marmot to that of the European bear {Ursu^ aratos),tiiid tht 
distinctive characters of the largest kind are of generic rolne* 

The fossil evidences of kangaroos are more abundant i 
varied than those of the wombats, I shall limit myself to 1 
brief notice of the larger extinct kinds. 

I have referred to the dimensions of the skull of the biggsd 
knoivn existing kangaroo. 

The first extinct species represented by the fossils obtained 
by Sir Thomas Mitchell, from the caves of Wellington Vslk^ 
had a akull of 10 in. in length. I called it Macropua 3^Un 
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not anticipating in 1636 to find it but a middle-sized Epeciee. 
Siibgequently I received evidences of a kjingiirou with a skull of 
13 in. long; and next, of one with a skitll as liii^c as that of a 
ftU-«ized OS, 16 in. in length. 

IFcnr, these extinct speciea do not differ merely in magnitude 
fiOBi each other, and &om the smaller existing kinds, but in 
modifications of the teeth and in the proportions of the limbs. 

As tlie kangaroos gained in bulk they lost in power of leaping. 
The hind limbs were less disproportionately long, the fore Umbs 
tesH disproportionately short. Both pairs took a more equal 
share in the support and progreeeion of their bulky firames. 
Nevertheless, all the well-marked characteristics of the macro- 
podal foot were retained, the modifications being restricted to 
those of size and proportion of toes and leg-bones. 

So likewise with the teeth. Certain teeth of extinct kinds 
were shaped for cutting, the same teeth in other kinds for 
pounding. 

Species not exceeding or inferior in siae to existing kangaroos 
manifested specific distinctions in the teeth, in the skull, and in 
parts of the skeleton. I have had to name and characterize a 
fxae of kinds of kangaroo that have existed in Australia and 
Have passed away ; and these extinct species have made known 
to the zoologist seven generic naodifications of tlie macropodal 
&mily, distinct from any of the genera still represented by 
known living kinds of kangaroo. 

The most interesting result of these comparisons of the fossil 
iBmains of kangaroos were the indications of a gradual resump- 
tion of the more ordinary quailrupedal character in the larger 
extinct species. This transition I found to be completed in 
Btill larger forms which retained, in the main, the macropodal 
^pe of dentition, the modifications of the teeth indicating a 
more strictly herbivorous character of quadruped. 

The first of these forms was manifested under three specific 
modifications, on which have been founded a Nototherium 
MitchelU, a Not. Victurim, and a Not. inerme. Of this genus 
I have as yet, indeed, obtained little more than portions of 
the skull and teeth. But a few detached bones of the ankle 
show a deviation from the kangaroo type of foot toward that of 
the ordinary character, and an arm-bone indicates a more equal 
size with stouter proportions of the fore and hind limbs. I 
infer the Noloiherium to have resembled in general character a 
large tapir, hut it was essentially a marsupial quadruped." 
Amongst the cave-fossib submitted to me in 1835 by Sir 

* An entire i^laill of the Kotiitheriusii has be^n discovered. It ia now in 
the ItfuBeum of Natural Iliatorj at Sjdnej, the Trusleea of which have 
traumitted a out to the British Mueeum. 
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Thomas Mitchell, and which are described and figured ia f 
"Appendix" to his "Three Expeditions into the Interior i 
Elastem Australia" (2 vols. 8vo. 1838) was the fore-end < 
one-half of a lower jaw with the implanted end of a &actun 
tusk. It indicated a beast as big as a hippopotamus. Tb 
fossil and a limb-bone, sent to Paris, of what I subsequent 
determined to belong to the same species, had given rise to tl 
notion that a true hippopotamus and an elephant had left thi 
remains in the caves and drift deposits of Australia.* 

After an extensive and minute comparison of the tootll-etnil 
from Wellington Valley with every quadruped of similar 9 
having such a tusk at the fore part of the under ja' 
the conclusion that it must have belonged to a distinct kind 
animal ; that the tusk had been one of a pair like the loi 
incisors in the kangaroos, wombats, and phalangers ; and d 
the fossil, therefore, indicated the former existence in / 
of a marsupial quadruped as big as a rhinoceros or hippopotami 
but, being of a distinct genua and species, I described a 
figured it as representing a new form — Dipi-otoclon, austral 

But what would this problematical Diprotodon, guessedat 
a bit of a tooth, turn out to be ? 

Now, here I may remark that there is no chase in the sporti 
world so exciting, so replete with interest, so satisfactory, i " 
events prove one to have been on the right scent, as that 
huge beast which no mortal eye will ever see alive, and v ' " 
perhaps, none ever did behold ! 

Such a chasp is not ended in a day, a week, or a a 
One's interest is revived and roused year by year as bit by 
of the petrified portions of the skeleton come to hand, 1 
thirty such years elapsed ere I was able to outline a restorst 
of Diproiodwi uustralifi such aa is shown in the plate of 
workt now submitted to the Institute. 

The dental formula of the Diprotodon is that of the nototll 

and of the kangaroo, namely, i -- , c - — , m - , 
s ' J' l_i' 0-0 5-5' 

The true molars have the crown cleft into two strong t 
ridges, also the fundamental pattern of those teeth in 
kangaroos. But the skull of the Diprotodon is a yani 
length. { The thigh-bone might well suggest to the Pai' 
paliEontologist the idea of an elephantine quadruped. The 
limbs and hind limbs are of equal length. The itnimal D 

' See Lyell, 'Trinciplea of Qwilogy," 8vo. od. 1835, p. 143. 

t " Researches on the Fowil Itenuuua of the Eitinct 
AusUnlia : with n Notice of the Eitinct Matsupiak of England." ito. 9 
1877. (Erxleben, 2 Henrietta Street, Brunswick Square. 

t See Froutigpiece of the above work. 
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Te trod the ground like a heavy pachydennal brute. Yet 
are are miiltipUed proofs in its skeleton that it carried its 
img in a pouch, and that it belonged to the prevalent 
Kracteristic type of suokliDg beasts in Australia— that it was, 
feet, the giant of the Marsupial order. 

In wild nature a balance is maintained between the flesh- 
likers and the flesh-eaters. The teleologist expatiates upon 
e beneficence of the check interposed by Providence upon the 
idue increase of the vegetable feeders through the contempo- 
leous existence of their devourers. " In Australia, at the 
waent period, the wild or native browsers and grazers are in 
Ecess. 

The native or aboriginal camivora are now too few and too 
leble to keep the herds of kangaroos in due check. The largest 
exieting native carnivore in Australia is the so-called 
native cat " {Dasyurus tnaantnia). 

In the smaller adjacent insular tract of " Van Diemen's 
and," or Tasmania, although there be no kangaroo exceeding 
be Australian rufous kind in size, there are two kinds of in- 
Ugenous Marsupial camivora larger and more destnictive than 
ay known to exist in the more extensive continent. One of 
heM is the so-called " Devil," the other the native hyaena. 
rhe zoologist substitutes for the colonial vernacular appellatives 
descriptive Greek compounds. Sarcophibts, or " flesb- 
r," designates the mischievous, untamable brute which 
night weigh down a jackal, though of more compact and robust 
koM; ThyUtcinua, or "pouched wolf," or " hyaina," is the 
une by which the lai^er striped sheep-worrier is known to 
ienoe. 

Strange that neither of these " checks " should exist in the 

. ider field, to operate upon the manifold herds of marsupial 

lerbivores of the larger continent ! Stranger still if the 

■lance or check had never been interposed during the old 

I, when the larger kinds of kangaroo and their huge, even 

itic, congeners browsed the scrub or grazed the prairie over 

length and breadth of the Australian continent. 

The following is the account which the palteontologist has to 

ider on this subject. Mitchell's gatherings in the breccia 

ifts and hollows of the limextone rocks in Eastera Australia 

[uded remains of both Scm-copkUus and Tkylaolnvs, corre- 

iding in bulk and specific characters with the species 

existing in Tasmania. Considering the size of these 

ivores, their audacity, the damage which the larger one 

icta upon the flocks of the Tasmanian colonist, and the 

pid pertinacity with which the smaller " devil " devastates 

* Buckland, " Bridgewaler Treatise,"" rol. i. 
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Ilia poultry-yard, it is not likely that either species would ban 
escaped the notice of the Australian settler if it had lingered 
on to be a peat, or an ally, to any of the great Colonies of that 
continent. 

I conclude, therefore, that Iwth the species have beoom* 
extinct in Australia, and that they formerly existed there u 
they still exist in Tasmania. Moreover, in addition to tJie 
cava specimens, I have received evidences of both Thytaeinitt 
and Sarcopliil-ws from the drift deposits and beds of rivers 
several and distant parts of Australia. And these fo»il% 
besides testifying to species undistingulshable by tooth god 
bone from the Tasmanian kinds, indicate others of larger siMk 
which have never been observed living. Of SareopkUti»,(lt 
which the present ursine kind might be matched by a jackal, ( 
have had evidence of a species {Sarcopkilua lania/riua) as big 
afl a leopard. Of ThylaciniLS I have also fossils of a largerthiS 
the existing kind, equalling a panther in power (T'Ai/Wiitd* 
major). Neither of these extinct Australian carnivores, how- 
ever, bore the proportion to the nototheres and diprotodoU 
which the South African Hon bears to the buffaloes, elands, and 
other great herbivores upon which it preys. 

Something still seemed wanting in the proportion of tlW 
beasts of prey to the beasts which converted the grass asd 
herbage of the field into flesh la these ancient epochs of Ao* 
tralian life. 

Now, among the fossils submitted to me by Major Mitclielli 
in IS.3^, was a tooth which, fiora its resemblance to th&t callttt 
the " camaBsial " or "flesh-cutter" in the lion's jaw, raised I 
suspicion that there had existed in Australia a carnivore at 
ceeding in size the largest of the extinct Thylacines. But» 
comparison of this solitary fossil with all the modifications rf 
the t«eth in the various existing kinds of Marsupialia, had 
made me acquainted with a somewhat similarly shaped sectorial 
tooth in certain small phytophagous and mixed-feeding geneffc 
I could not, therefore, give undue weight to other resembUsctf 
supporting only a conjecture. Additional discoveries migM 
supply the required test, and were to be waited for. If tbfr 
large fossil sectorial tooth in question was the premolar of * 
gigantic phalanger or potoroo, it must have been preceded \!f 
teeth shaped for cutting and nibbling, and have been followed 
by several lai^e flat or ridged broad molars for crushing 
grinding. If the large sectorial tooth was a premolar of»' 
carnivore, it must have been preceded by teeth for piercing ud 
holding, and have been followed by molars small in sise ud' 
few in number, tubercular in shape, and adapted at best fiff 
""■Hiding gristle or tendon. 

iding, therefore, the possible acquisition of specimoit 
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_ the required dental evidence, I contented myself with 
ring figures of the tooth in question,* in order to attract 
tention to any fosBiIa which might show such a tooth associated 
th more of the animal's dentition. 

Jn the course of a few years I received the requisite evidence, 
rrt, in the form of a lower jaw, from the bed of the Condamine 
irer, Queensland ; next, in that of a mutilated skull, from the 
d of a lake eighty miles south-west of Melbourne ; and sub- 
(uently, by more perfect specimens demonstrative of the 
Ber-camivorous character of the dentition of the extinct beast, 
Eich thereupon I called ThyUicoleo, or pouched lion. Teeth 
ke the canine tusks of the lion precede the camassial tooth 
■t discovered ; that tooth is followed, also as in the lion, by one 
toll tubercular tooth in the upper jaw, opposed to two smaller 
diercular^in the lower jaw ; the camassial of that jaw worked 
pon the upper one like a shear-blade, and the extensive and 
Doothly worn surfaces are matched by those of the Sesh-cutters 
I old lions and hyicnas of the present day. 
Thus it appears that Australia was formerly inhabited by 
mnmalH of the peculiar marsupial type, not only varied for 
ndatory and herb-eating life, but exhibiting their type under 
jmensious as varied as (ire the higher or placental wild beasts 
f the larger continents of the globe. Creatures nearest of kin 
Bthe Australian forms, and, like them, marsupial, have indeed 
iwd and bred on land which now forms part of the island of 
heat Britain. Fossil remains of a cai'nivorous mammal with s 
bntition most nearly like that of ThylacoleOy have been dis- 
ttrered at Fm'beck, on the Dorsetshire coast. Fossil remains 
if an insectivorous marsupial, many-toothed like the Australian 
fyrTRecobiits, have been found in Oxfordshire, in the slates of 
Btonesfield. Both these localities are of the middle or " Meso- 
■ic " period in geology, and 1 may give an idea of their antiquity 
by saying that not a particle of the chalk chfFs or " bushless 
■WHS " in England had Ijeen formed when the old pre-Britannie 
hfitinent flourished which, in its v^etation, its shells, the 
jUiea of its sea-shore, and the beasts of its fields, bore the nearest 
■Mmblance, in fauna and flora, to the antipodean seat of our 
Ment flourishing AustraUan Colonies. We are now superseding 
tare the Oolitic types, which alone presented themselves to the 
Murslists of Cook's voyage, Viy the higher forms of vegetable 
tnd animal life that have lent themselves, or been by man 
jdapted, to his special needs in Asia and Europe. 
£ut the kangaroo, which Banks and Solander first saw, and 
wtoght to be a huge bird as it hopped out of their ken into the 

' * Plata xzxii., figs. 10 and 11, of Appendis to the " Three Eipeditiooa," 
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scrub, was actually the largest miirRiipial quadruped that atth 
date existed in Australia. 

At what period became extinct those huger forms of marsu^ 
life which paheontology has made known to ub? To what cat 
is due the extinction in Australia of the diprotodons, the not 
theres, the thjlacoleons, the phascolonea or gigantic womba 
the palorcheetes, procoptodonts, protemnodonts, athennrai 
with the thylacinea and sarcophiles which alone of all the pi 
ceding marsupials still linger on in life in the neighbouiiii 
island of Tasmania ? 

No other extirpating cause has suggested itaelf to my mu 
save the hostile agency of man. No evidence of diluvial cal 
strophe or of climatal change has been discovered to account I 
the disappearance, for example, of the Macropus Titan and 1 
survival of Macropu8 major. 

To a race of men depending, like the *' black fellows," ; 
subsistence on the chiise, the iai^estand most conspicuous kill 
of wild \ieast first fall a prey. The smaller kinds, with swift 
powers of locomotion, more easily conceal themselves a 
escape. 

True '.t is that, as yet, no evidence of the ancestry of t 
existing aborigines of Australia has been detected in the cava 
which have yielded fossil remains of their hypothetical pn 
But such caves, if explored with due care, skill, and meth 
may bring to light, as they have done in England, indubital 
evidences of the pre-Adamatic or pre-historic men of Austnli 
the extensive shell-mounds attest the enormous period dmi 
which these primitive people roamed over that continent.' 

In conclusion, I may remark that at the commencemod 
my application of anatomical knowledge, fifty years ago, to tl 
reconstruction of extinct species, not one of the classes bi 
treated of was known to have lived in any of the three gn 
Colonies which I have selected for this evening's discourse. 

What, then, may be expected from analogous researches M 
collections of the fossil remains in the caves, drifts, and tertil 
deposits of New Guinea? As we learnt from the adminl 
Paper to which I was privileged to listen at a former meeting* 
this Institute, we may infer from the varied configuration i 
New truinc-u, from its mountain ranges and concomitant strau 
and rivers, its caverns, doubtless opening into defiles and \'aUq 
its latitudes, invoh-ing conditions and stimidants of life n 
passing those under which the beasts flourished on whose renud 
Colonial paleontology has been hitherto exercised, that then 

' In ISfill the pMliaroent of Kpw Soulli Wales vuWd tiiP Bum of i 
in aid " of a careful aad BVBtcmntic lilxplDnition of the Lim«MODo 
IVellin^n ViiUey." 
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R promise of results which will exceed in noTelty, in singularity. 
Hid variety of Tertebrate structures all that has been contributed 
bom. Australia and New Zealand towards a philosophical com- 
prehension of the scheme and origin and progress of animated 
tttnie. 
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IS NEST-BUILDING AN INSTINCT IN BIBDST 
Bt benjamin T. LO^VNE, F.L.S. 



MR. ALFRED R. WALLACE, in his contributiona to 
theory of natural selection, has an essay on the pbilos 
of birds' nests, in which he controverts the doctrine, vhid 
admits to be almost universally held, that birds build t 
nests by instinct ; and he believes that both birds and a 
a. primitive state, build by imitation. He saya, "It w 
objected, that birds do not leam to make tbeir nests a 
does to build, for all birds will make exactly the same i 
the rest of their species, even if they have never seen one, 
it is instinct alone that can enable them to do this, 
this would be instinct, if it were true, and I simply ask for } 
of the feet J this point, although so important to the qua 
at issue, is always assumed without proof, and even i_ 
proof, for what facts there are are opposed to it. Birds bra 
up from the egg io cages do not make the characteristic ne 
their species, even though the proper materials are suf^ilie 
them, and often make no nest at all ; but rudely heap t(^ 
a quantity of materials : and the experiment has never I 
fairly tried of turning out a pair of birds so brought up inb 
enclosure, covered with netting, and watching the result oft 
untaught attempts at nest making." 

I have lately bad the opportunity of making the e 
which Mr. Wallace states has never been fairly made ; and n 
to my surprise, for a year ago I fully believed Wr. Wallace 
right, the results are at complete variance with the opii 
which Mr. Wallace has promulgated upon tliis subject. I 
give the details of my experiment in full, reserving all c 
until I have done so. 

Last spring I received a pair of young ring-doves (Cotw 
Tieoria), in Uieir first plumage, which had been hatched in 
breeding-ljox of an ordinary dove's cage, upon a straw nest } 
on the floor of the cage. These were a male and a female ; 
at the time I received them they were so young that X c 
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e oonclosioii, from their very qnairelsome habits, that they 
Bre of the eame sei ; in consequence of this opinion, which I 
Herwards found to be erroneous, I asked the lady who gave me 
he first pair to give me another young dove. She gave me 
Be brought up in the same manner. I kept these three doves 
h a wire cage until this spring. The exact size of the cage 
n» three feet by two, and two feet high. They turned out to 
te a cock and two hens. At the end of February each hen laid 
kRO eggs on a bundle of hay placed in one corner of the cage ; 
fcnt there was not the slightest attempt at nest-building, al- 
Hiough they played with the hay, carrying about a piece in 
Hieir bills by the hour together. The females sat by turns 
irith the male, and in due time three of the eggs hatched. Al- 
liongh some interesting facts were brought to light in the 
Baring of these young birds, it suffices to observe in the present 
Hinection, that only one of the young birds became fully fledged, 
be others died from heartless neglect oo the part of the parents, 
ip&rently because they were feeble and two days younger than 
e chick that was reared. 

In the middle of April I turned the three birds out into an 
isry in the open air, in which there was a large branch of a 
» with numerous twigs and buds to serve as a perch. The 
iciest branchlets of this were about nine feet from the ground. 
I provided the birds with a double breeding-box, einiilar to 
le one in which they were themselves hatched, in one side of 
is I placed a handful of hay, together with their newly fledged 
bpring. I left the other side empty, in the eipectation that 
6y might possibly build a nest of hay or straw, and I supplied 
wm with both materials. The young dove learned to fly in a 
Nr days, and slept in its box at night, its parents and foster- 
nther fed it continuaUy in the neat-box ; but there was no 
btempt to make another nest in the box. 

' About a week after I placed the birds in the new aviary they 
*ok possession of the highest twigs of the tree branch, each with 
'BmaU piece of stick in its hill ; as I judged they intended to 
ttildin this portion of the tree, I at once supplied them with a 
timber of twigs; these were nearly all straight twigs of varying 
tegth and thickness, without any latei-al branches; but amongst 
torn were a few pieces, each with a short lateral branch, which 
fere at once collected by the doves, and carried to the place 
bey had selected for^heir nest ; but they evidently had not the 
ightest idea of the use of the sticks they had selected. They 
tied in vain to fix them to the wall of the aviary or to its roof, 
(most always to the latter, and waved them about above their 
eads until they dropped them. I thought that they might be in 
he habit, in nature, of laying the foundations of their nest in 
wigs above their heads, so I fixed some perches below the cleft j 
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in the tree wbich I thought they had selected to boild in,i 
wove two or three email biraiiches in such a manner as to rf 
them a choice of resting-place, and also to catch the ili 
they dropped. I ought to have mentioned, that the birds i 
excessively tame, having been brought up in the boose,! 
that I was constantly in the habit of taking them from fl 
cage and playing with them, hence they allowed me to rtr 
them or handle them without fear, so that my interferenoe 
not disturb them. As soon as I had finished, the makl 
found the new place, and cooed in evident delight, and he' 
immediately joined by the two hens, each with a stick. 

After vainly endeavouring to lodge the sticks above tl 
heads for a couple of hours, sometimes from the old and sa 
times from the new resting-place, and dropping them, they g 
up work. 

I now, however, observed that all the cleft and brand 
sticks had been gathered from the bottom of the aviaiy 
lodged amongst the branches near the top of the tree. I 
observed that the birds every now and then picked up a at 
balanced it for a little time in their bills, and then dropped 
again. The thought struck me that straight sticks and t« 
would not do, so I collected a number of forked branches 
branches with lateral twigs. No sooner were these thrown i 
the cage, than the birds made their usual crowing ncaae 
resumed work. As soon as all the branched sticks were a 
they at once ceased work, although there was an abundaoo 
imbranched sticks of suitable size in the cage. The end of 
this was, that in three days, they had finished a nest exactly!" 
that of a wood pigeon. They lined it neatly with straw, 
ornamented it with some tufts of the dried flowers of the 8U| 
cane (Sacchanim officinale), which I took out of a vase in 
drawing-room, and broke up, as I thought the soft feather-li 
flowers of the grass would make a good lining to the nest. Til 
did not use it, however, for this purpose, but let a few piee 
hang over the edge of the nest, with a great deal of straw, 
haps for the purpose of concealment. Each dove laid two _ 
in the nest, and they are now sitting by turns with the male. 

The apparent use of the side branches on the twigs whie 
they use is to peg the nest together, as these hang down 
pass through the meshes of the sticks which are already laid. 

The important facts to my mind are, "first, these birds hi 
newr seen a tree, or, at least, sat on one, jet they selected 
ptan^ nine feet from the ground for their nest. They had new 
9t^a twigs, and could have no experience in the use of later 
branches, yet they carefiilly selected these and no othfl 
SwxiiKlly, they had npp.>u«Dtly no idea of the use to put tl 
sticks Us whrn they had selected them, unless they are in tl 
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habit, in a state of nature, of starting the nest on branches 
above their Leads. As soon, however, as a few branches had 
lodged below them, they finished the nest, which accident had 
oommenced for them. Thirdly, they followed the hahita of the 
species to which they belong, although it is probable that these 
habits had been in abeyance for many generations, and certainly 
Uiey had been in abeyance for more than one generatioi). 
Fourthly, the conditions were present which would have enabled 
them to breed in the same hind of nest aa that in which they 
were themselves brought up, and in which they had already 
reared a young bird. Lastly, these birds were very tame, so 
that if new conditions could have modified their natural habita, 
thia was a case in which we might have expected modification, 
IS all the circumstances were in favour of a perversion of natural 
liabits. 

I do not know how to account for the fact that these birds 
built a natural nest. And I may be liasty in my conclusion, 
but I am in my own mind convinced that we have herean instance 
of what is usually called Instinct. Thia conviction is the more 
important because it is not a year ago since I gave a lecture in 
Great Ormond Street, at the Working Men's College, in which 
I maintained the view that animals act in suck cases entirely 
by reason and experience ; and at that time I felt certain from 
all I knew that Mr. Wallace was right, or nearly rightj in his 
views. 

The whole phenomenon had a striking similarity to the alow 
return of memory, brought about by a series of associations. 
There can be no doubt as long aa the birds remained in a com- 
paratively confined space, without the use of their wings, and 
without a natural branching tree to build in, they would never 
have built a characteristic nest. My own belief is, that the tree 
acted as a stimulus to their instinct, and that the natural sur- 
roundings prompted them, as it were, and awakened their dor- 
mant inherited powers. Although my impression is, that the 
final site of the nest was determined by the place where the 
sticks fell, which they failed to fix above them, I am by no 
means assured in my own mind that even this was not deter- 
mined by a subsequent awakening of an instinctive act, and 
that the sticks were intentionally dropped upon the branch 
below them. The want of readiness in some things which these 
birds exhibited at first can hardly be considered surprising, 
when we remember the number of generations in which it is 
probable no natural nest had been built. Indeed, it is quite 
boBsible, and I think even probable, that their progenitors had 
bid their eggs on hay or straw on the floor of a dove-cot for 
fifty years or longer. 
m The importance of these facta can hardly be over estimated) 
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as fbecf; bear apQiii.iiIi0 tlieayof iimat^ide^ <» atletafc 
genius. From the fcnregomg ezperiment tiie •ooelosioD is 
tempting, that the fairdB are endowed with special fiumlties 
ideas, just as it appears that men are horn with a special 
tode for certain acts, both mental and physical, and that 
is endowed with properties of a special nature ; at leart, 
are of great interest because they, are ^fieusts which ought not 
happen, according to the theory which is daily becoming 
folly received, ^ey belong to one of those by-paths of BioUigyf I 
which it is Mr. Walhuse's delight to tread, and in which he 
done such excellent work. 
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Looking at the physical structure of the Boutli-westeni ufttchi 
north-western part of England, and the great mass of the oldi jida\ 
PaljBozoic rocks of North and South Wales, it is evident thi ^e 
from the Cheviots to Cornwall the oldest rocks in Europe a me, 
exposed, hidden only in places by a mantle of superficial gladi ndi 
and river drifts. The eastern sides of the exposed Northua id C 
berland and Yorkshire coalfields, down to the latitude of Not b ai 
tingham, are covered and deeply buried by the Triaesic, Jurass^ k * 
and Cretaceous rocks ; south of Nottingham these old land ara ij > 
are again exposed. The Charnwood rocks, of unknovm 
and the associated coalfield of Ashby-de-la-Zouch, with 
Warwickshire and South Staffordshire coalfields, stand out 
islands in the midst of the great Triajisic plain of mid-Englai 
they are the last isolated exposures or remnants of Palseozoi 
land seen south and east of the great Pennine axis. 

The entire mass of North and South Wales stands out in bol 
relief westwards of the Severn Valley and the stunted hills 
Cheshire. The Old Red mountains and Silurian rocks whi( 
border the northern edge of the great Welsh coalfield, as well 
the Devonian promontory of Cornwall, isolated as they apj 
to be through the unconformity of the Secondary rocka whit 
constitute the eastern half of England, are 
through this great overlap. Could we uncover and expose 
old Palaeozoic floor or land surfaces on which they rest, with 
its irregularities, doubtless we should find that the eastern f 
of the Paleozoic plain would stretch away under the noTth>«ast 
and south-eastern counties and German Ocean,* filling up twK 
irregularities in the old land surface made either by the denudin| 
agency of the secondary seas during the slow depression of tht 
area they then occupied, or they were previously sculptured 
fashioned into hills and valleys at the close of this early peril 
and prior to the deposition of the Secondary or Mesozoic r«cl 

The area on which the British Islands stand is an elevated 
submarine plateau, extending westwards from Ireland 
miles, and eastwards to Holland, north to Scandinaria, and soul 
wards to a deep region west of France and Spain. The westei 
face of this plateau, now beneath the sea-level and covered 
the Atlantic, has a steep and rapid slope to the profound deptfaf 
of that ocean. On the eastern side of England, on the other hand, 
the German Ocean, with its irregularities of sea-bottom, scarcetf 
averages 100 feet in depth, and this shallow sea and the east of 
England unites us to the European plain. It is upon this platean 
that all those changes of level, great and small, change of life^ 

* See Section No. i, PI. VII. Ideal sectioD by TiofeBMr HaU, ahowiiig Ibt 
piolungatioD of the SiluTiaa, Devoaifta, and Oarbonilerous tuclu eaetwudi, 
and the protiable irreg'ulsr Burface of the F&Ikokhc rockg, now covered bj 
nearer deposita, (" Cuid-field£ of Qraat BrilAb," p. 475). 
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'** isr change of fauna — indeed, all the physical history of the British 
™ wArchipelago — have taken place, on which have been modified the 
snt iflhape, size, and life history of the British Islands through all 
^pf'iiaie, and by it we have been united countless times to the 
' 8l*eontinent of Europe and probably to America. The Irish Sea 
^=and German Ocean or North Sea, and English Channel are now 
. 'ithe one a shallow the other a deep hollow in the land, filled by 
J^the waters of the great Atlantic to the west, their beds Ijeing 

^tmly a question of level. 

^ * An elevation of the bed of the German Ocean, or that part of 

^ j'*li6 plateau, 100 feet, would unite us again to Europe; and some 

*. 300 or 400 feet would unite England to Ireland, and less thaa 

>~5 ^*lf that to France. A depression of one-eighth of a mile, or 

'*• €00 feet, would render us an extensive archipelago, when nearly 

I sU the centre of England would be aubmerged. The Welsh and 

I Cumbrian mountains, the Pennine chain, much of Scotland, and 

I the bold coast-line of Ireland, would stand out as islands. The 

I Hebrides, Shetland Isles, and those off the west coast of Scot- 

I land, are only outliers of the main land, evidences of change, 

I mountains in the sea ; the valleys being pasture land and feeding 

gronnd for dwellers in the ocean, nurseries for the fauna and 

Sora of the sea, yet if the bed of the North Atlantic area were 

lelevated hut a comparatively few fathoms they would no longer 

"ie islands. It was upon this British and European plateau, 

ben a land sur&ce, that our coal growths and coalfields had 

heir origin, growth, and development, stretching far away to 

lie eastward in Europe, to Mons and Li^ge, and onwards as far 

M Westphalia, doubtless as one continuous terrestrial surface. 

Iflovements or oscillations of level through depressions and ele- 

hrations greater than the present depth of the Atlantic, did then 

nd have since repeatedly occurred, and most if not all the 

■bases in the physical history of the British Islands have been 

"ovemed and modified upon this area between the 500 fathom 

level off the western coast of Ireland and the flats of Holland 

and Belgium. 

Such changes are still in action although slow. Unceasingly 
they go on, time only being required to do again all that had been 
done before. The sea, with its tides and ceaseless action, is both 
destroyer and preserver ; it carves and denudes coast lines into 
Bhape, modifies sea bottoms, and, aided on the land by meteoric 
action through the agencies of rain, frost, ice, wind, and sun- 
ehine, fashions into contour the form of the mountain, cur^^es of 
the valley, and depth of the gorge. The creeks of the Australian 
and canons of the American are but terms for phenomena pro- 
duced by rain and river action governed by time. 

The above generalizations tend to lead us to the physiography 
of the older continents and areas, or those of Palieozoic and 
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Mesozoic times, to be detennined and understood only tbro) 
the application of modem laws, or as read by recent phyi 
geography, which applied to the paat enables us to read 
tolerable accuracy, even at great depths, the configuration 
condition of those areas once at or near the surface, but 
deeply hidden, and revealed again in part through the applit 
of the boring-tool in our search either for water or for tnuu 
wealth. 

Ab fer back as 1856, Mr. Godwin-Austen almost asked fc 
practical solution of his views. " What is now," he says, 
measiire needed is, that we should obtain one single /"■ /<■ 
verification as to the depth at which any part of the I'til' •:"■_.■ 
group occurs beneath our amith-eaet area. The state ■■! iiii 
question is such, that from this one single point, once ascertained, 
the rest of the investigation might be conducted, for practial 
purposes, with perfect certainty, and it is therefore of impon- 
ance that the question and its possible results should not be loft 
sight of by all those who may be promoting deep sinkings 
any places over the area which has been here indicated." 

Again, Mr. Prestwich, in 1S72, in his admirable article "i 
the probable existence of coal measures in the south-east 
England," • speaks regreltinglyof the fact that up to that time 
" in this country, the newer strata overlying the Pala?ozoic rauf 
have been sunk into without result in the Wealden at Hastii); 
to a depth of 486 feet ; at Earlswood, near Keigate, in the san 
strata, to about 900 feet ; through the chalk at ChicheHter : 
945feet;andat Southampton through tertiary strata and chalk b 
aUepth of 1,317 feet. Unfortunately, all these works fall short rf 
the mark which geologists wish to attain." 

In continuation Mr. Prestwich remarks ' that in an indur 
trial point of view no experiments could be more important 
than such as would serve to determine the position of this grut 
undergroimd range of older rocks, connecting the .\rdenDtt 
and the Mendips. We have ascertained that it lies at no gr«' 
depth beneath the overlying newer strata, and if the strike -■ 
the line of disturbance were in a straight line we should ha'' 
no difBculty in determining its course.' Local deflection rnn. 
have affected its east and west bearings through its range ■ 
800 miles; and, "whilst Mr. Godwin-Austen would place ttj 
supposed coal trough in the Valley of the Thames, or under tlu 
North Downs," Mr. Prestwich would prefer placing it fuiiliri 
north, in Essex or Hertfonlahire ; and whilst also Mr. AustfD 
believed it to be continuous or extended, Mr. Prestwich favoured 
the idea that it is probably broken up into basins. " If, howevrr,' 
he says, " the axis of the Ardennes consisted of an anticlinal hue, 

• PopTTLin SorasoK Review, toI. xi. p. 341. 1872. 
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f:33e problem would be simplified, but it consists of a series of 
^lach parallel lines, and therefore whether or not the one which 
^tx^verses the Boulonnaifl, and is probably prolonged under our 
Vealden area, is one of the many central ones, or the lateral 
', inomediately flanking the coal trough, is uncertain. Any 
tempt made to solve this great problem must be hailed with 
'iction; but it is not by one esperiraent, however, but 
Mtlier by several, that the line of the great trough of productive 

J measures will be determined." 

■ These petitions to practical science, aided by capital and 

ssity, have at last partly helped to solve the long-discusaed 

(oblem, and we now have four if not five well-determined sites 

kithin the London area where the Palfeozoic rocks have been 

tnitely touched. They are Tottenham Court Road, Ware, 

oford, Crossness, Kentish Town, and another distant but 

Jly important trial at Burford, where the coal measures were 

tRtis&ctorily proved.' 

OUl British Terrestrial Surfaces or Areas. 

There seems to be good reason for believing that a once 
y «ODtiQUOus north and south range of older PaliRozoic land 
\ extended from the Polar regions to the Mediterranean. The 
uly portion remaining entire is the Scandinavian peninsula, 
j[ through about 15° of latitude; it is known "beneath 
X and overlying deposits of Northern Germany, the Vosgean 
I Schwarzwtdd ranges, and expands into the elevated plateau 
f Central France." 
Mr. Godwin-Auaten believes it to be traceable to the islands 
%jsi Corsica and Sardinia, north of the African coast. 

(•Westward of this another mass of old land occurred "to the 
l-veet of the British Islands, and probably in its range 
" the western boundary of the great European basin." 
B'eources of these oldest sedimentary strata will ever remain 
ft myBtery ; such are now either concealed beneath the Atlantic, 
tlirough depression, or entirely removed through denudation. 
••The materials that supplied these oldest British strata have 
wholly disappeared," for doubtless the stratigraphical arrange- 
ments of these early deposits was in subordination to masses re- 
moved, and " the ejrtent and dimensions of the Paleozoic masses 
afford an indication of how vast a region has disappeared." t 

" See section from north to eouti (Subbci to Bedfordshire), across the 
Tjondoo Basin (Reigate to Bi^leswade), Bhuwiog the places of the fivH Irials 
IjyTertical lines, PI. Vn., sec. 2, The section is popi»>d from Professor Prcat- 
wieli's work on the wftter-beBring strata of the country round London. — 
Pop. Bci. R mview , vol. li. t. 75. 

t Vide " Quarterly Jouro. Geol. Soo." vol. sii, pp. 42 and 43, (AiutNi.) 
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CoaX Measures beneath the South-East of Sngland. 
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The predictions (for euch at the time they appeared to be) el 
Mr. R. A. Godwin-AusteD, so far back as 1856, a 
physical condition of the older rocks beneath the soutl 
put of England, and probable extension of the coal e 
under the same area, seem now to be almost fulhlled ; 
Mr. Austen then stated, " any restoration of the European « 
face for this very early period mttst be purely ideals" it v 
to the correct restoration of definite boundaries for areas t 
land and water in the upper portions of the Palseozoic groa| 
that his views and speculations mainly looked for confirmatioar 
Mr. Austen then stated that "those terrestrial masses i ' " 
are represented oidy by the oldest Palasozoic groups had mostlj 
disappeared;" nevertheless, he says, " we can ascertain something 
as to their mineral composition and the spaces they occupied, 
and in this way sketch out the surface of the northern hemi- 
sphere under its earliest arrangements." 

Of late these fiir-seeing views and generalizations, and wbich 
at first sight seemed problematical, have been singularly ri 
and verified. Mr, Austen selected for his theme the intrici 
question of the "probable extension of the coal met 
beneath the south-eastern part of England." By this he n 
only attempted to trace the terrestrial surface oa which the old 
British coal forests stood, and their probable range and area, 
but carried his researches into western Europe, fram Valen- 
ciennes to the valley of the Ruhr, east of the Ardennes, a 
distance of 170 miles, and then on to Westphalia. Along this 
great coalfield numerous trial-shafts have indicated its probable 
esteusion and continuity. 

The Valenciennes coalfield is known to extend and has been 
proved 80 miles west of Valenciennes by Douay, Bethune, and 
St. Omer, and worked beneath the Chalk of the north of France. 

The Paleozoic rocks of the Boulonnais have been revealed . 
below the cretaceous series at Guines at a depth of 800 feet^ I 
and consisted of sandstones and shales ; and as will be t 
hereafter, the Silurian rocks below, of older date stiU, wen I 
touched by the boring-tool at the same depth at Calais, and afcll 
a depth of 1,100 feet, and Mow the chalk the true ~ 
measures were determined. 

The determination or recognition of the presence of the Coal 
measures (Upper Palieozoic rocks) in the north coast of France 
their undoubted connection with and prolongation from th 
Belgian area, led to the views then enunciated by Mr. Crodwid 
Vusten as to the " amount of evidence (a priori) as to whethM 
he coal series may be continued further west across the Stra" 
er and so beneath our south-eastern counties," 
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*' whether, if bo, the coal measures were likely to occur under 
such condition of depth with respect to the overlying formation 
as would render them available to us."* 

It was not the question of the Coal-meagures only being 
present ; on theoretical grounds any other still older Bedimentary 
rocks down to the lowest Cambrian may occur — continuous, 
either as old land from northern or eastern Europe, or as an 
easterly prolongation or extension of our north and south Welsh 
Cambrian or Silurian rocks, rolling away beneath the central, 
eastern, and southern counties; the floor, indeed, on which 
stand unconforraably all the newer or secondary and tertiary 
aeries in their varied features as we now see them.f 

It must be borne in mind that in tracing out the physical 
outlines of western Europe during early times, or its early 
physiography, Mr. Austen included under the term Carboni- 
ferous those rocks, or conditions, whether terrestrial, fresh-water, 
or marine, from the Marwood and Pilton beds of the Upper 
Devonian to the top of the Coal-measures or the Upper Paleozoic 
group. His middle group comprised two series, being equivalent 
to the Upper Silurian and Devonian, and his Lower Paljoozoic 
group embraced all the marine sedimentary strata up to the 
Lower Silurian inclusive ; it is important to define the classifica- 
tion then used by Mr. Austen, and also in subsequent research 
and literatm-e. 

Mr. God win- Austen } showed that the coal measures which 
thin away under the chalk near Th^rouanne probably set in 
again near Calais, and are prolonged (beneath the Tertiary and 
Oialk strata) in the line of the Thames Valley parallel with 
the North Downs, and continue thence under the valley of the 
Kennet into or towards the Bath and Bristol coal area. On 
theoretical grounds, carefully thought out, he concluded that 
the Coal-measiu-es of much of England, France, and Belgium 
were probably once continuous, and that the present coalfields 
were merely fragments of one great original deposit which he 
inferred had been broken up in two directions, but prior to the 
deposition of the now overlying secondary rocks. This line of 
disturbance trended generally in an east and west direction, and 
part of it formed the anticlinal of the Ardennes, by which the 
Belgian coalfield had been brought to the surface; and the 
Mendip Hills with the Somerset coalfield are also on that 

• " Quarterly Joum. Qeolog. Soc." vol. xii. loc. cit., and vide Plate VII. 
fig. 8 map showing the continuity and probable eitenaion of the Belgian 
coal-measurea under the Straits of Dover and the Wealden area, etc., and 
to the Mendip Hills and South Walw. (Oopiod from Profeasor Preatwich'i 
paper, Pop. Sci. Review, vol, li.), 
t Vide Section 4, pi. VH. 
J "Quarterly Journ. Geo!. Soc." vol. lii. 1875. 
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line of strike. The Belgian coal-field is but one of a deep, 
and narrow series, ranging from Westphalia to the north 
France, The most easterly is that of the Ruiir, the second 
la-Chapelle, the third Liege, and the fourth Hainault and V; 
dennes ; it is then probably hidden on its north-westerly si 
from Therouanne by the newer rocks, and its extensiou is pr' 
by boring at Calais ; the main axis (that of Ardennes) cri 
the Straits of Dover, passing, as before stated, south of Loi 
through Berks, Wilts, and into Somersetshire, there to join 
Mendip disturbances, and ou to the southern edge of the greai 
and exposed Welsh coalfield, by Worm's Head, Tenby, and St 
David's, determining and probably defining the boundary between 
the Marine Devonians on the south of the Mendip and Ardennei 
axis, from that of the Old Bed Sandstone nortJi of it, and tlw 
great Hereford and Brecknock Old Red north-west of the Severn.' 
In 1872 Professor Prestwich wrote his most able paper in thf 
" Popular Science Review " ( loc. cit.), stating therein (p. 235) thai 
" between Clan Down, near Bath, and the Well, at Kentish Town, 
no trial for coal or water had been carried to the base of the 
secondary rocks or bad reached more than about 600 feet 
beneath the sea level." Since then, not many miles north of tb* 
latitude of Bath, the boring at Burford, in Oxfordshire, hat 
passed through the lower secondary rocks and into the Co^- 
measures, touching them beneath the New Red Sandstone «t 
1,184 feet. "There can, bowever," says the learned author, 
" he little doubt of the continuity of the range of the Falasozoie 
rocks under these newer formations from Belgium to Somerset; 
but whether or not the coal measures were ever continuous 
between the two districts, and whether, if they were, they hav« 
been removed by denudatioa, Uatfing oidy the Lower PcdtEosok 
rocks, requires further diBcussioQ." 

Again, Mr. Prestwich, with far-seeing induction (as subse({tieot 
investigation has proved in Oxfordshire), discusses the question 
of the extension of the Bristol coalfield eastwards. This inde- 
pendent basin is cut off both on the east and on the west by 
ridges of Millstone Grit and Mountain Limestone— the genend 
belief being that the eastern boundary limits the extensioa ; at 
that eastward of the north and south strike of the edge of US' 
basin there are no more Coal-measures. This eastern edge 
covered by the secondary rocks (Trias, Ijas, and Oolite), 
causing much uncertainty as to the disposition (or arrang 
of Palaeozoic rocks under or east of them. 

" Admitting," eays Mr. Prestwich, " the baain to be cou] 
and isolated, that is no proof that the older Palseozoio 
prevail exclusively or come to an end on the east side, for 

• Vide aketch-map No. 8, plftte VIL 
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coal measures of the Somerset basin main fa in tbeir full develop- 
ment to the edge of the basin and are then ciU <^ hy denuda- 
tion and not brought to an aid by thinning out. They form poit 
of a more extended mass of which we have more than one 
fragment, while on the west another portion exist* in the Welsh 
basin, and another in the newly-discovered small baein of the 
Severn Valley, and there is tio reason why on the east tfte same 
diHp09it ion should 7W>( prevail."* These&r-eeeing viewsas tothe 
probable physical history of the extended deeply-seated area be- 
tween Bath and Frome and the German Ocean are being slowly, 
but I believe surely, verified, and bear entirely upon the researches 
now being carried on, and upon the palsogeograpbical distribution 
of rocks and life over an immense underground tract, and which 
here and there, by means of the boring-rod, are being tested, and 
those theoretical views of Mr. Godwin-Austen and Professor 
Prestwich confirmed. 

Although, however, at present no true Coal-mcagures have 
been touched or proved along the valley of the Thames, or 
their extension known to take place from Therouanne, sttU 
the above views, although speculative, have the same value 
as when first propounded ; for although the Devonian rocks have 
been proved at Tottenham Court Koad, and Tumford, six miles 
south of Ware, it in no way invalidates or does away with the 
possibility that south of that area or even west of London the 
Coal-measures may occur. The failure of the eub-Wealden 
exploration, intended to prove the presence of these older rocks 
below the Wealden area, leaves the ([ueetion still open as to the 
correctness of the views propounded by Jlr, Austen with relation 
to the extension of the Boulonnaie and other rocks. Speaking 
of the axis of Artois, Mr. Austen say8,t " that it is continued 
across our area by the range of the North Downs, and those of 
Hants, and that on the north limit of this ridge the beds dip 
suddenly and rapidly; hence a line of fractures extending from 
near Arraa to the east end of the Boulonnais and from the north- 
west point of the Wealden denudation to the Valley of Devizes." 
This relative depression on the north has preserved the Num- 
muliticBeries(LowerTertiary), juntas along the Franco-Belgian 
line the depression was the cause of the preservation of the great 
coal trough. Applying this consideration to the structure of 
our area, from Kent into Somerset, we may feel sure that a like 
arrangement of the older strata was from the Valley of the 
Thames into the Kennet; alo-ngthla line the coal meaaurea way 
be reasonably supposed to have been preserved-t 

• Vide Popular Sciehce Rbvibw, vol. si. p. 237-240. 1872. 
t "Quarterly Joum. Geolog. Soc." vol. lii. p. 62, 
t Vide pi. VII., fig. 8. 
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Should the Somersetshire coalfield be repeated io tie 
which ia by no means improbable, we should then expect W i 
that extension under the great plain of Salisbury and the " 
Valley, by Hungerford and Newbury, thus meeting the ' 
prolongation from the east 25 miles due north of Alartl 
The Burford trial has proved an extension of either the F< 
of Dean or the Bristol coalfield, or both, at (as before 
1,184 feet in depth; and it is 35 miles east of the two coalf 
named, and thus much nearer the areas predicted by Air. ~ 
Austen. 

Professor Preatwich, in evidence before the Royal 
aion,* favoured the view of this easterly extension fii)m 
present boundary of the Bristol coalfield, and knew 
why a coalfield may not be entirely covered up east of 
or Radstock, &c. Again we refer to the Burford boring as ten( 
to confirm Professor Prestwich's views. 

The axis of Artois, which plays so important a 
physical structure of the region through which : 
traceable &Dm the Mendip Hills to the old coun1_ 
in Kranoe; and the singular unconformable relation ol 
Oolitic beds of Frome, &c., to the Carboniferous masses of 
Mendip and its anticlinal, are the same as those of the Oolit 
of the Boulonnais. We now partly know what thickness " 
JmoM nxfa attain below the Wf^den beds, in the 
•na, «hen 1,990 feet hare been passed through, 800 of wl 
««■• Vvtlnd, Kimnieridge, and Oxford clay. So that 
MMUd paAit in Blr. Austen's paper {loc. cit.), to what 
^» OslitM gn^ nay exist below the Wealden and Cret 
MM^ «f K— t, SUBex, and Surrey, has been partly set at 
Ml in4 Aa tM e d «iUier as to complete sequence, presence, 
i, lor nothing below the Oxford clay is yet known, mi 
« iht Ptlnoioic rocks or their age can only be inferred. 

8vb-Weald«n Area and its Exploration, 

b April 1872, at the meeting of the British Association it 
Brighton, it was arranged that a trial should be made in tlie 
VTeoldeu area, for the purpose of testing the presence of and 
depth to the Palaeozoic rocks beneath the secondary strata of 
the Wealden. This undertaking had a twofold bearing ; tlu 
first being, as before stated, to test the thickness of the ovHfr 
tying secondary rocks, and the age of those older series that 
w^ be beneath them. The second had special reference to i3m 
aohiUon of the problem propounded by Mr. R. Godwin-Aust«S|, 
NllktiTe to the existence and extension of the coal measures or 
* ftl|««tofli>«O om in iwi oneraappo'mtej to inquire jplo the geveraJ matteH 
i jii tf ^ to eoal in lb« United Kja^om. Minutes of Evidence, pp. 146-419. 
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ber Palaeozoic rocks raDging trom the Belgian and nortli 

inch areas towards or under the south-east of Knglnnd. A 

>ot at Archer's Wood, Netherfield, near Battle,' wa8 st>li-ct<\l 

I detenniQe this, b; means of the diamond buriu^ |iriior>iii, 

id no less than 1,998 feet were passed through, eudin); in lUv 

xford Clay at that depth. The Purheck and Portland l*d« 

ere but tMaly represented in the boring; but the KinmiiTidgu 

lay, of unprecedented thickness, equalled nearly 000 ivii, or 

iiee times its normal thickness ; this doubtless was owing to 

tte depression of the Wealden area during the deposition uf tliu 

■~ meridge Clay, its accumulation being equal, pro raid, to 

nlMidence. From top to bottom of this formation it won richly 

"iferous, every core yielding the characteristic Kjiiimcridgu 

The Coral Rag was passed through, and the bottom of 

: boring-rod, with its diamond crown, was forcwl t<i yiuld 

D circumstances and end in the Oxford Clay. The firMt and 

ily attempt to solve an important problem, purely for ncicntillo 

irposes, was thus abandoned owing to the smallueM of th'i corct, 

nd we still remain in ignorance and doubt as to the naliiro and 

eptb of the older rocks in the Bouth-east of England. The 

«me of Willett will ever be hcFDOurahly aavociat^d with tbU 

nemoTable imdertaking, for at his ittiggcBtioD and through 

iB laborious efforts and laboun, and under hi» guidance, it wa« 

ommenced and contiimed; the endiog aiid rtoppag*! lining 

!ne to want of machipe power to ptnetfato ilMp«r, laui itw. 

00 rapid decrease id the iiatatter ei tbe eorw. >fulM»|ri/rrit 

loring, however, in waiA of mter ta the heart of l/naiim, at 

,140 feet revealed the Upper Dennin nckl, tlMi dearly t^im- 

Dg that the expected ad ta^^Ant ftlatunlf lodu lituaVi U, 

nd doubtless are, ^der Oe l^niTiIni anm, la* vfattbirr <'/uid 

Heaeoree, Caitoaiftr— ■ lAmmttrnt^ Xtmrnkm «r flOariMi, m 

baTeyettoknm. laCihiilheCariMi i—iii»»w«naHMil «t 

1,032 feet; EftfiA T«vB«>ad Mdb WmtIIw flaidt 4t M U 

feet; Deromaa, ia TUIiitiii CmA ttmA, at 1,140 CmC} at 

Crossnen, nd iiairfiii at MM Ck»; (kM *mi»g Itei a 

broadly spttad %mr <f Mairarfi m tmtt amtimi wnlii t» agtmA 

under the frtfiwf mpm tt Ihti aiwA ami «i tt^mt 

To iiiM tim flMB mil lii duty O* iifwilw md iii ^ ii lj 
spread of Ac «Mw mAa tarn atoiiB<iiiiil,a* «aa»A mm 
over the i iM «f < JmJtmat ibaiMi « . m m tmlM, Ja oJmJ- 
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shire, wheia at ArdtfStt t^9^1ml1»m€t^ Mmma a 
detenniaediyaeMal jyMi* at ^Immitaiktt m^Jhat* Uia^ 

broogteafiailwa— ■ WWtfiV«»aN»C»MkfiraaMdfcaM 
proloogalMM «f A»1K 
field, or afcfrt i fr itfc< 
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MiMiddkEex. All ik 
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ameOj^i a> ^^ ktitode, 80 miles' 
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) aavHB ikai tfaxe of pare vats', th 
rO^i^Bfc t^ PiiMwd Boriiig Oxnput 
{ aar Ta«^ aoBmeBctng their opeiad 
Bi*rly mkA of tbe ostcrop of the 1 
Ca|b«aiA m vdi MMs tk dntzict. Less periu] 
kiMK «f 4A JB^BfiHto araa thaa any within a ndina 
qdk* &^ I«*ia«> •* fti M aadaigioaDd geology is cooo 
Vtai «irtnl padiiM af Tarc^ '■ith reqiect to the aa\ 
tp^M^HBaM Aacfeae tf tbe hasiB rendering it pn 
^^te»a»Qatanai^bd0vtheClnIk,flroDeof them, 
^riC* *■<? liVCW^ ^^ f"» ***'■'• opotioos were c 
^4M^ *k Od[. tf^ GnnsBiid, and Gaolt, I 
fl^Ml lawe^ ml saKB taaa gh t vf orer 1 foot in dii 
» «» AfA aT 800 AM. Ibe Oalk wtd overiTing 
^piga» J3S ii«C d» Tp^ GncnaDd 77 fret, and the 
mt Mk.*i> iniw^ bdniaatai, and th« Loirer Greeosaii 
' ~> wp w B Wwrf ly a thin stmtum of the'C^£ 
\ iftn i fc wi ^ tbe <^ratioD of boring. This ; 

«»$&: 1^5.3^ ft.: lUuBliclOft.; S«w Red 
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coarse-grained loose bed of sandstone underlay the G-ault, and 
xest«d immediately and most unexpectedly upon the old and 
liighly-ine lined PaL-eozoic rocks — a Silurian floor of the Wen- 
lock age, dipping at an angle of 40°, but to what point of the 
compass at present we do not know, although probably to the south. 
Not long since (June 1877) it was our good fortune to 
announce the discovery of the Upper Devonian rocks, under 
Tottenham Court Road, at Messrs, Meux & Co.'s Brewery, at the 
greater depth of 1,140 feet. They were penetrated 70 feet. 
This new feature in the paheogeography of the eastern counties, 
anticipated in some form by Austen, Prestwich, and Hull, is 
now verified, and the age of the rocks determined. 

It will be asked by those who give attention to stratigraphical 
geology, whether these Silurian rocks are of the British or Con- 
tineutal type; in other words, are Uieyor can they be correlated 
with our Welah or English Wenlocks, or are they of the Ardennes 
type ? Do they constituta a portion of the Dudley or Wen- 
lock rocks of Wenlock spreading away eastwards, or are they 
a prolongation of the Silurian rocks of Belgium — the western 
edge or extension of which reaches beyond the longitude of 
Greenwich ? In other words, were these two separate basins, 
or one ? Is it an extension from the West of Europe, or an 
easterly expansion of the Upper Silurians of the Silurian area ? 
The facies of the fossils and the character of the rock in all 
its essentials are decidedly British, and it cannot be doubted 
that they are a continuous and denuded surface of the same rocks 
now conspicuously exposed in the picturesque scenery of the 
hills of Herefordshire and Worcestershire, The thirty species 
of fossils noticed in the cores are, species for species, identical 
with those of the Wenlock Edge, or Wren's Nest, near Dudley, 
[ and no difference can be detected in the lithological characters 
of the rocks. 

In direct line or latitudiually the Wenlock rocks of the 

Malvern, Woolhope and May Hill may claim connection, but 

IK regard the Ware fossils and rock as having more affinity 

with the Wenlock Edge series, or that group which borders and 

underlies the western side of the great mass of the Old Ked 

Sandstone of the north-west part of Herefordshire, although 

distant nearly 160 miles. Could we remove tlie overlying 

Mesozoic series between Ware aud Burford, in Oxfordshire, and 

again expose the Coal Measures known to occur there at the 

depth of 1,184 feet, then should we understand the thinning 

away of the Jun^sic and lower Cretaceous series eastwards 

Utowards this Silurian ridge, and what we should probably call 

t the Oxfordshire and Hertfordshire coal basins would be exposed 

f and correlated, for we can hardly now doubt this extension "^ 

1 the known Burford Coal Measures, in all probability, hot 
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terminating westwards of Ware against the Silurian Beries, ti 
physical geography aspect of which at the time of the CO 
growth must have been much the same as the present., could tl 
80 miles area be re-elevated from 800 to 1,000 feet. 

Another boring is being carried down by the New Eiver Con* 
pany at Tumford or Wormley, sii miles south of Ware, the rev* 
latioQs from which are more than anxiously looked for. Thil 
piece of engineering gkill it is intended to complete as &r ii 
passing through the Lower Qreensand. The Turnford boring^ 
now 980 feet deep, and still in the Gfault ; it is therefore J" 
feet lower than the bottom of the Ware rocks. This incree 
depth is owing to a depression, or perhaps valley, in the 1 
zoic land below, which seems more than probable, when we knoi 
that the same thickness of Gault occiu^ over the northern t 
generally. It is 160 feet thick at Ware, Turnford, Lougbtoi^ 
Kentish Town, and Tottenham Court Road ; at Crossness, 1 40 fi 
In most cases, when bored through, this Gault has afloor compo 
of Palseozoic rocks ; at Kentish Town a red micaceous Eandstonftj 
at Tottenham Court Road the Lower Greensand rests upoo a t 
Upper Devonian ; at Ware on the \\'enIock rocks of the Up] 
Silurian, and at Crossness on red sandstone (age ?). 
thus justified in stating that the space between Messrs. Meux\! 
at Tottenliam Court Road, and Ware^a distance of 24 miles- 
is occupied by the Upper Silurian, and probably the Lower, 
Middle, and Upper Devonian rocks, which may be rolled and 
folded on their dip. To what distance rocks of older dat* 
may occur north of Ware, further experiment only will decide* 
Harwich — which lies ten miles further north, and probably o 
the strike — has revealed them at a depth of over 1,000 feet. 

Few, perhaps, are aware of the difference that eiists in tk 
thickness of rooks of the same age in different, yet not vegj 
remote localities. In Britain the Cambrian and Lower Siluriu 
deposits are from 20,000 to 30,000 feet in thickness ; whilst i 
Sweden and Russia the deposits which are the equivalents an 
representatives of these epochs rarely, if ever, exceed 1,C 
feet. This difference is due to the form and nature of the p 
Cambrian land on which the newer series, Cambrian and Siluriai 
are placed ; for there cannot be any doubt that such pre-Cai 
brian land did exist, and extended over the present known Euzo> 
pean area, with probably a great expansion westwards of thfl 
British Islands and the Spanish coast. The old plateau before^ 
named is part of this extension. I believe also that the cryst«li 
line rocks of Kcandinaria to the north constituted a pait of thl) 
pre-Cambrian stage, and also parts of North Wales, and Ihe noitbi 
west of Ireland. The Ifobridt.'a and St. David's are remnants o| 
this epoch of the highest antiquity. This old land must hav% 
wly submerged and denuded to receive the so-called 
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Cambrian and Lower Silurian rocks, those which are dow known 
by the name of the Longmynd and Harlech, with the succeeding 
Lingula Flags, Tremadoc and Arenig, life groups of antiquity 
ao high that we have no formula to express their age. 

We have no evidence yet as to these rocks of highest antiquity 
occurring eaatwarda of the Pennine axis, of which Charnwood is 
a prolongation ; and longitude 1°50''W. limits the easterly surface 
ezpoeuie of the lowest Palaeozoic rocks, and these are the Cham- 
wood slates, &c., of yet undetermined age. The problem still 
remains unsolved ; but the Ware trial has revealed a group of 
rockfl at a depth of 800 feet that shadows forth older rocks still, 
and should the dip of these Hertfordshire Silurians prove to lie to 
the south, we may anticipate the more ancient series further 
Bortb towards Cambridge. Be it remembered that the strike from 
Ware in that case would be directly towards Harwich. The 
four trials are from London due north. At two of these (Ware 
and Tumford) the true direction of the dip will, it is hoped, be 
tested and determined, the solution of which is worthy of all 
experiment and patience. If successful, it will be the key by 
which the hidden structure and wealth of any given area in 
Britain may be tested. * 



What are the Old Rocka Smith of Ike Thames f 

Since the determination of the presence of the Devonian rocks 
at Tottenham Court Road, north of the Thames, and the Upper 
Silurian|at Ware, 24 miles further north, our views relative to the 
distribution of the Coal Measures have materially altered. It 
would now appear from recent research, that there is little chance 
of any rocks younger than the Devonian occurring due north of 
London, beyond latitude 52" 30' N., or east of longitude 1° W. 
Whatever may be the contour or disposition of the old Devonian 
and Silurian land at from 800 to 1,000 feet deep it is clear that 
all the stratified rocks between the Devonian and the Gault are 
wanting ; in other words, the whole of the Carboniferous series, 
the Permian and Triassic, the Jurassic including the Lias, and 
the Purbeck and Wealden are wanting or missing north of the 
Thames to the latitude above-named. This shows the great 
unconformable overlap upon the Silurian and Devonian floor, 
which became submerged to receive the upper Secondary rocks 
whose outcrop now extends throughout the length of England, 
from Redcar in the north-east to Teignmouth in the south-west, 
and which also fill the great depression which extends from the 
Mersey and the Dee to Burford in Oxfordshire, where it is 75R 
feet deep, as proved by the boring. How much further east it 
may extend we know not, but little west of London it seema to 



have thinned away, as do mosb of the Secondary rocks, probaUy 
against the Palieozoic plateau. 

The key to the underground Palceozoic geology of the country 
south of the Thames, had it been completed, must have beeo 
the sub-Wealden boring. Unfortunately for science, the problem 
was never solved, the neajly 2,000 feet of Secondary strats 
passed through being all above the desired or anticipated ancient 
land. The fact that the Upper Devonian rocks were under tie 
heart of London, and the Silurian some miles north of that, 
induces us to believe that we must look to the south of London, 
as pointed out by Mr. Godwin-Austen, as the area where 
we should expect to find the Coal Measures, ranging probahl; 
under or north of the North Downs. Their southern extensioii, 
until revealed through necessity or enterprise, will remain T1&- 
known, but we doubt not their presence. 



Palceontology of the Upper Silv/rlaii and Devonian Sods 
tmrth of London. 

The extensive area north of London occupied by the Tertiaiy 
strata as far as Ware, with the Chalk beneath, is now known t« 
be underlain by other rocks of high antiquity, now determined 
to be, through organic remains, the Upper Silurian, and closely 
resembling, if not identical witli, the Wenlock group of the 
"Wren's Nest, near Dudley, or even the more distant groups of 
the Wenlock Edge or the Ludlow Promontory. The facies of 
the fossil contents of the Upper Silurian cores at Ware is not 
that of the Malvern or Woolhope series, or of the still nearet 
beds at Tortworth, although nearly in the same latitude! 
nor can they be correlated with the Upper Silurian series ( 
the Ardennes in Belgium, from which they essentially differ 
There can be no doubt of their affinity with the tme Siluria 
rocks to the west of the Severn Valley, or the Dudley grooj 
thus incontestably proving the easterly continuity and e " 
sion of the latter. So rich in fossils are these Ware Silu: 
that no less than thirty-three species have been obtained ; e 
portion teems with extinct life, especially Brachiopoda, twenfa 
one of the thirty-three species belonging to this group. Tl 
characteristic trilobite Phacops caudaius with TachadiU 
Kmnigii, Crinoidea, and Orthoceratite*, are sufficient data i 
themselves to establish both the age and affinity of the foas 
which now are known to occur on this floor 800 feet deep, a 
which rest the Cretaceous and Tertiary series of Heitfordahir 
The following list will show the rich fauna of the Wenl 
*" " ' low Ware. All the fossils were obtained from a i 
ktiiree feet in length and one foot in diameter. 
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I. Pbotozoa 
IL EcamoDEOiuTA 



V. Mollusoa-Brachiofosa 



, Gabtekoposa 
, Cephalopoda 



1. lechadUet Katnigii, Mitrch, 
3, Taxacriiaie, ap. 

3. Perieckocrinui moniliforniit,'iiil\ 

4. Tentacidilu omatus, Sby, 

6. Fhacopi catidaiHt Bniua. 
G, Orthit caiudicvlata, Daliu. 

7. duganiuia, Dalin, 

8. MmaeUa tuiruda, Dttlm. 

9. C)/rtia Riporrfrfn, Wahl, 

10. I^ri/era eletmta, Dalm. 

11. plicateUa, LJnn, 

12. Athyni, Bp. 

13. Crunia implkata, Sbj. 

14. Iihyiu:honeUacaiKala,JiriiiD..i 

or defitxa, Sbv. 
IC. Atrypa reticiiian», Linn. 

16. Pentameru* gaifotm, Dahu, 

17. Ungvifa;^vr. 

18. l^rophomena euglypha, Dalm, 

19. r^ieuiala, McCoy. 

20, depreaa, Dftlm. 

31. — rAomtoirfa/iit. Wah]. 

23, aniiquata, Sby. 

23. CtoirfCT, ep. 

24. X<!pf(xna tericea, Sby. 

56. tratuverialis, Dalm. 

26. HBTinm), Bp. 

57. MylUiu mytiliinerU, Oonr, 
28. (Xenodonta, 8p. 

20. OrfAotwin rn^, Sby. 
iSO. Suomphalut rugoeiu, Sby. 
31. O/Moeeroiai^eniai^uni, Sby. 
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— anguiatum, Wfthl. 
It may be asked what has become of some 20,000 feet of 
strata ranging from the Neocomian down to the top of the 
Upper Devonians, all the Coal Measures, Triassie, Jurassic, and 
W^den series, being absent between Ware and London. No 
greater unconformity is known in the British Islands, or was 
suspected here until the boring for water by the New River 
Company revealed these grey arg;illaceou8 Silurian shalea and 
fossils, dipping probably to the south, at an angle of 40°. The 
Jurassic Rocks must have thinned away west of Ware, Tumford, 
and London, against yet resting upou this unseen and hitherto 
unknown Silurian range. Whether all the should-be super- 
inciunbent strata named were ever present, and subsequently 
denuded, during elevation, we know not ; but the presence of the 
Upper Devonian strata at Tumford, with their characteristic 
fauna, and at a lower geographical level, tends to show consider- 
able movement. 

At Tumford and at Tottenham Court Road the red fissile 
shales contain the same fonHils—Spirifera diejuiwta, Pteriiiea, 
and Shynckonella, &c., being common to both places, thus 



POPPLAB Basset ttSYVKW. 

showing that the Devonian roobs occupy this area 1,000 fc 
below the sorfiice through a known exteneion northward 6 
London, of twenty-four miles, 

The exposed Devonian Rocks of North Devon, on the n 
hand, and the Silurian Rocks of Wales on the other, are no 
proved, through their fossil contents, to be continuous to u 
to extend under the London Basin, striking below the Germ 
Ocean on to Belgium and Germany, holding, so to s] 
their denuded surfaces much of, if not all, the superinc 
strata of the south and south-eastern part of England ; had Ih 
sub-Wealden boring touched the Paheozoic rocks at Battle,! 
nothing more would have been desired to show the paheogw- 1 
graphical structure of the south-east comer of Britain and oi 
relation to north France and Belgium. 



REVIEWS. 



ELECTBICITY.* 

NO ItraDch of experimeiit&I sdence has passed more decidedly from ita 
first or inductive eta^ into its second or computatiYe, during 
tbe liBt thirteen yeare, than tliat of Electricity. Msny who studied it 
Iniiglj and with appreciation at the former period will admit with wtlling- 
MH their obligations to the original Text-book of Dr. Noad, as well aa to the 
Mlder Manual by the same author which preceded it It was at the time 
Aignlarly complete and eihaustiTe. In the preface, dated from the School 
«f 8L George's Hospital, in September 1888, its precise position in the 
wionoli^y of physics is accuiatety dated, bj the cordial acknowledgment 
•coried to that " beautiful electrical instrument invented by Professor 
WUiaai Thomson, F.H.S., namely, his Portable Electrometer," and by the 
infilory note on the recovery of the first, and the successful laying of the 
•cond, Atlantic Cable. The prelace reappears in Mr. Preece's rerised edition 
n centrast with the editor's Introduclion. In this he evidently, to a certain 
W«at, graape the progress sinee then. " All sciences," he says, " in their 
Mier stages excite the imeginary powers of the mind " (a phrase which is 
polikbly intended to mean the imagination), " but in their later stages the 
{•lenlating powers. The study of Electricity has been a fine sphere for 
^Tpethema ; but it has now become a cultivated field for the eierdae of the 
^anlitative tendency of the mind ; " — an obscure sentence which probably 
■Widows forth the idea that from hypothetical. Electricity has, by increased 
Dtal cultivation, become computational. In the same rather hazy.jaun^, 
! unsatisfactory prologue, which occupies very little more than four pages, 
are told that recent discoveries " have rendered it an exact science," 
mi that, notwithstanding this fact, " theory has been as much as posrible 
excluded; first, because there really eiists no theory of Electricity properly 
»] called ; and secondly, because what theory there is is used more lor illus- 
tntion than for explanation;" statementa which appear to be somewhat self- 
^BULredictoiy* 
^A feeling of disappoinbnent Qiiu instinctiTely produced at the outset doee 

• "The Student's Text-book of Eleclricity," By Henrj' M. Noad, F.R.S., 
Sec. A new edition, carefully revised, with an Introduction and additional 
chaptere, by W, H. Preece.M.I.O.E., &c. Crown 8to. pp. 015. London : 
Oroeby Lockwood & Co., 1879. 
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on going more deeplj into tlie revised edition. All tbc 
chapters eeero to be very little altered from what was preeumably up t 
in 1836, but which ia Blightly antiquated now. To the end of the fou^ 
chapter on Diamagnetiem, there has been so little change that page j 
the new edition corresponds with page 283 of thu original work. Tha 
of this chapter, with the exception ot the pagination, is aridentlj p 
from the old plates, no notice being taken of the rotation of tlie pll 
polarization from the pollabed pole of an electio-magnet, nor of that ni 
establiahed to be experimentally determinable in air and gnses. The fift 
sixteenth, seveuteenth, and eighteenth chapters appear to have in 
addition amountiDg to onlj 08 pages In 485. Short chapters hare be 
troduced on Duplex and Quadrupled Telegraph}', the Telephoni 
Microphone, and the Electric Light, which raise the eixe of the new v 
82 pages in all over its elder brother of 1860. The resiUt is | 
and unsatisfactory ; partly because the new and the old cohere badl} 
more because the totally changed point of view in which tha whole 11 
la now regarded, and wbicb. is acknowledged in the prafiice, fails 
realized in the body of the work. It would be ungracious to pail 
specific errora, of which there are many. One instance, however, 1 
occurred to the writer may be noted. lie turned immediately to the I 
" Ot)u denser," for fresh infortuation on the great development whiol 
apparatus bos of late years received, hoping to obtain practical hints I 
te of mica, paraffin, and other dielecbics. There is not a syllabled 
subject, beyond what was in the original edition. — W. II, SlOSK. I 



OHGANIO CHEMISTRY.* 



rnHE reader will be disappointed if he expects to tind in this little 7t 
J- a good general outline of Organic Chemistry-. The contents n 
one of a student's note-book in the way statements are crowded tog 
unaccompanied by sulGcient explanations, and not unfrequently dsuug 
inaccuracies. For instance, ethyl diamine stands for ethylene di| 
(p. 16) ; trimetho-dicLloride for trimethyl-arsine dichloride (p, , 
ethylene dichloride for dichloride. 

We are told that " methyl alcohol is on inilommable colourlees 1 
having an odour somewhat like ordinary alcohol, and a burning taste." 
ia generally used as a substitute for ordinary alcohol on account of its i 
ness, and these two are mixed and sold as methylated spiiit" (p. 47)- ' 

Pyrogallic acid is said to have the composition CjII^O (OO.HO) il 

roH ' 

of 0,H, J OH— an important difference (p. 127). ' 

Ion 

About 170 pages are devoted to this part of the book; tlie remi 
portion being answers to questions from the Examination Pofot I 
Science and Art Department. 

■ " A Manual of Organlo Cbenusby." By Hugh Ulei 
Lcmdon; Blackie k Sot, 1879. 



THE GAULT.' 

r PRICE has conferred a boon on the student of Cretaceoiu g^iogj 
by the publication of his work on tlio Gault, the reflult of some yeors' 
spedal study of that formation. It eompriseB a Buccinct account of thu 
gEUgmphical distribution, lithological characters and foagil contents of this, 
tlie chief ai^Ulaceuua member of thu Cretaceous syatem; from which wa 
leam that the sea, in which ibis deposit was formed, must have occupied an 
ut«nsivo area in whot ia now port of south-eaft England and port of the 
JJoDtisent, BO that its waters on the west washed the Trias^c and Jurat^ic 
|GSb of the midland counties, and to the east itj waTea beat s^oinat the 
■Brthern sides of the Hercynian mountmns. 

IVom the varying mineral character of these old coast lines, the nature of 
tlie deposit, although mostly ar^Ilaoeoua, must have slightly diSuied accord- 
ing; to locality, as deeciibed by the author, while the now imbedded fauna 
would differ somewhat in character according to depth, and hence probably 
Ihe number of sones described by Mr, Price, as well shown in the sccliona 
Utfolkeatoae and elsewhere. 

KfSiapters are devoted to the geographical range of the formation, and a 
Wnable table of 600 species of fossils arranged under twenty localities, oc- 
cupies about half the work, which alM contains a full bibliography and 
comparative tables of strata, so that the entire work forms a useful handbook, 
as intended by the author, of the Qault formation. 



I CAMBEIDOESHIRE GEOLOGY, t 

? Sedgwick Prize was establiahod for the purpose of rewarding the 



•pITE i 



■v of the beat essay on some subject of Geoli^y, and ia giyen every 
third year. The competiUon is, however, restricted to graduates of 0am- 
bridge under certain restrictions. The last essay for 187S treated of the 
Potton and Wicken phosphatic depoaits, and tho subject proposed for 1676 
was " The Poet-Tertiary Deports of Combridgeshire." The Prize was 
iwarded to Mr. Jukes-Browne; but circum stances prevented the publication 
}f hia memoir until the autumn of last year, and our notice has been unfor- 
tunately delayed. The various drift and superficial depouts of the county 
bave engaged the attention of geological writers since the beginning of this 
sjntury ; but the object of the present essay is to add more facts to the stock 
)f information on these points, and to present as complete an account as 
possible of the accumulations met with in the Oambridgesliire district. 

After giving a general account of the literature of the subject, the author 
treats of the physical features of the county, of the glacial depoaits, followed 
tiya description of the hill gravels, the valley gravels of the early and present 



• " The Qanlt : " being the substance of a Lecture delivered in the Wood- 
wardian Museum, Cambridge, 1878, &c. By F. G. H. Price, F.G.S. 8vo. 
London : Taylor and Francis, 1870. 

t " The Poal^Tertiary Deposits of Oombridgeahiro : " being the Sedgwick 
Prize Essay for 1870. By A. J. Jukes-Browne, B.A., F.G.S. 8to. Cam- 
bridge : Beighton, Bell & Co. ; London : G. BcU £ Sons, 1878. 
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river Bystema, and the cortektlon of the CambridgeBhiie drifts -with thi 

the eofllem counties. 

In eoDclusion Mr. Jakes-Browtie ofTera a few remarks on the cond] 
under which the glacial dopoEsts have been formed, and the age of the 
cipai features of the coimtrj — questions which have been mudi coati 
and certain opinions connected -with -which he briefly criticizes, and exj 
bia own views upon them. 

Without, however, attemptirg to gUe n history of the manner in <■ 
Cambridgeshire was moulded, the author gives his views ae to the nl 
age of ita principal physical features from the evidence he has hrougli 
ward, and states that "the whole Hucceasioo of post-glacial valley gi 
seems indeed to have been singularly well preserved in this part of Eng 
and if the various beds could be thoroughly disentangled, they would I 
out the courses of the streams at different times, and present us wi 
jncture of the succeeaive changes which have taken place in the riTer ej 
fVom the glacial period to tba present time." 

To the student of Post-Tertiary Geology this will be an acceptfthle t 
as the descriptions are given in a clear and systematic manner, embo^ 
not only the autbor'a own researches, but those of other geologists who 
specially studied these deposits. 



THE ELEOTBIO LIGHT," 



iHinl^l 



THIS is an enlarged issue of the pamphlet by Mr, Shoo! 
noticed in the two articles upon the Electric IJgbt in our numbei 
January and ApriL It contaios a fair description of the various dyn 
electric machines lately invented; and, although Mr. Chapman's gt 
lamp, which by many years preceded similar recent contrivajice^ 
quite equalled them in performance at the recent exhibition in tho 41 
Hall, is still excluded, those now before the public are illustnted 
explained. The plates are on a good scale, and easy to understwid. ' 
Shoolbred is evidently a thorough and uncompromising advocate of 
mode ofillumiaation; so that any adverse facts or opinions must be aO 
for elsewhere, 



THE HEAVEN3.t 

" Spake full well, in language quaint and olden. 

One who dwelletb by the castled Rhine ; 

When be called tho flowers so blue and goldei 

Stars, that in Earth's firmameut do shine." 

MR, FROOTOR might well have added the above \< 
to the stanza of Shelley which adorns Lis prefatory page. Tbey 41 
complete the wmile which evidently underlies his quaint and fanufol 

* " Electric Lighting and its Practical Applieation, with Results 
Existing Examples." By J. N. Shoolbred, B,A,, &c. 8ro. Lou 
Ilardwicke & Bogus, 1879. 

t " The Flowers of the Sky." By R, A. Proctor, &e., &e. Wi 
"" "' 'stTBtions, 8vo. London ; Strahan & Co., 1879 ^_ 
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nd<wd, through neftrij all the wipenuijiliiiM tt U> watk% ihce* nw ^ha» 
>leaauit BTchftIc flavour, remiodiaf the nmier «f m fiU fitnty, of Geoig* 
Bnbert, and Sir Thomas Browse. JXfx w ifaa taaa of t~ ' 

liiB protnin of th« tule^age. AUboagk doid 
oMptioiuiU; " dry," Ur. Proctor U what, Idr want of ■ h 
w« cumot re&aiD bnm calling, the n 
of formal, ri^d, and " tetragonil " 
fruni the «t«niDeBa and severitj of ■■ 
BTeaew ofoiit'is ayroiurprfTot luroro, he tmj*, Omm hJlhtT, j« wIttiimI, 
while I diecourae in eimple and untechnical lai^mge of Eghl, maA afaee, 
of the iofimteljr minute, of the mjit^Tj of grantj, of the end ot wanj 
worldE. Such, indeed, are the headings of hi« fint fin chaptos. Nor ns 
thoee which follow on the Aurora, lunar haloa, moonligkt, the |Jiniila, Ma^ 
Japtar, and the " winged Satuin,* or <» " boded flgan* amoog Ilia ihw^* 
inated with lesa of his umal floencj and diacmmrawM. Aa laat ffc a fW 
ii on " transits of TeDus." Here we mutt eonbaa to a iS^t reBnauenea 
<& Mr. Dick, in the true hutorj of DaTid Oopperfield, ** who had Imoi bt 
tee ;ean endeaTourin^ to ke«^ Charles the Hrat out of the UamomL* Bat 
on lUa occnaion we are only very gentJr r em i n d e d <rf IIm gnat cmttDvenj 
between Uallej'e and Deliale's method* of obaeMii^ thow important nh(i 
noQiBua. Ab before, ao now, we hold th« opinion that iheae hooka an 
lueftd, and appeal to a cIbm of readen whastand in awe of aii>M, eodnea, 
Ud e»«ffieieots. 

\V. H. Stoiii. 



FIELD GEOLOGY.' 



rE salMtance of ihia book, on^nallj' given aa two lecturee opon ga>I(^ca] 
mapa and instruments of Burreyuig, in coimeciiion with the Scientific 
Loan Collection, has been conmderably enlarged and revised, so aa to form a 
lew and independent work. 

The long experience of Professor Geikie as a Geld geologist and Director 
>f the Sune; wUl fully qualify him to supply the wonts of a large 
tiody of readers, who, having a general and even eiteouve knowledge 
af geology, find themselves to a great extent helpless when they try to in- 
terpret the factj they meet with in the 6eld. Field geology is broadly dis- 
tinguished from the researches which may be carried on in the lihinry or the 
labomtory, aod hence the object of the author has been to describe the 
methods by which the geologist may obtain hia information regarding the 
nature, poaitiou, arrangement, aud stmcture of a country. The subjects ore 
irranged under two diviuons — outdoor and indoor work, the former occu- 
pying by far the larger portion. 

In the series of chapters composing the fint part, which is well illustrated, 
Jie author describes the nature of field work, the necessary accoutremeDts, 
nological and other maps, the essential characters and origin of rack», the 
W^ire and use of foseils, the unifiTelling of geological structure as connected 

I* "Outlines of Field Geology," By A. Geikie, LL.D., F.R.S. Second 
Bfition. Su. S^ ^n : Macmillan & Co., 1670. 
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with dip, strike, and faulting' of rocks, and their curvatures, contorti 
cleavEige, the uatute of igneous and metamorphic rocks and miDen 
-with a chapter on surface geology as oonoeoted with physical featun 

The second part treats of the nature of indoor vork, as drawing gc 
sections, hints for tlie dotennjnation of minerals and rocka, and the 
of preparing sections for inresti^ation by the microscope. Tbs dn 
geological sections is of mncli importance, con^dering how &equeii 
ideas are given by diagrammatic representations of the extfimsl ton 
ground, thus tending to perpetuate erroneous notions with regard 
phy^ography of the land as shown by such distorted sectionB, hh 
almost grotesque in their exuggeration of natural foms. Similar el 
IS apply to some drawings of unconformable stratificatioit. We i 
loborate Professor Oeikie in his remarks on this structure, having 
seen drawings of much more impo^ible unconformities than even 'Uu 
by him at page 113. 

We may notice among the few typographical errora the letters a i 
woodcut, lig. 20, which ore wrongly described, indicating an ioTeiaia 
strata, which is not the ease^ aa shown by reference to the otigjnal 
(174), from which it is taken in the " Geological ObsorTer." At p 
described a ready means of estimating the thickness of strata, which . 
more simple than that proposed by Profe^or Ohapmao. In this pn: 
the author might have usefuUj alluded to the method of calculat 
depth from the surface at which an inclined stratum might be roach 
given distance £toia the nearest outcrop. 

To the geological student who is acquainted merely with the prind 
the science derived only from book-study, this concisely arraugi 
pleasantly-written text-book by Professor Geikie, for guidance in tl 
will be a valuable aid, as pointing out how and what to observe k 
to record, thus adding ircsh interest to his studies, and mimsteiing 
further elevation and enjoyment, by a more practical knowledge 
nature of the district in which he finds himself situated, or into wh 
pursuit may lead him. 
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"TXTE need do little more than announce the publication of « n 
'I enlarged edition of Professor Tyndall's " Fragments of Si 
Deservedly recogniied as one of our most brilliant writers on sabJM 
nected with physical science, Professor TyndoU boa the art of in 
with ft peculiar charm matters which at first sight might t*em mt 
promising, while at the same time he b a most lucid popular expo 
scientific facts and theories. These circumstances make it no ras 
wonder that the collection of essays, reviews, lectures, and nddreasM 
he brought out a few years sffo under the above title should have i 
d at a Mxth edition. Of course, there are portions of those art 

IfVagmente of Science." A Series of Detached Essays, Addtuw 
Reviews. By John Tyndall, F.R.S. Sixth editioa. STola. Omi 
London: Longmans & Co., 1879. 



which even sdentific men maj cavil ; and there are othen, aod indeed whole 
essBjB, which are regarded bj certain unadentific readers as utter abomina- 
tionB, such aa the discourses upon prayer and miracles, aod the celebrated 
Bel&aC address ; but the dispasuonato reader, if anj such can be found, will 
discover that there is a, good deal of truth in them, and that the views they 
open up are at bU events worth consideration. The present edition contfuns 
several new articles, among which the most important seem to be those on 
Fermentation and Spontaneous Generation, and the reply (o Professor 
Virchow's commination ■ of the- Evolutionists. The author's lecture on 
the Electric IJgbt is also included. As these and other additions have 
ckused a considerable increase of huUt, the book ia now divided into two 
volumes, 

THE SEA-SnORE.* 

rthe naturalist the sea-shore is so prolific of objects of interest, and the 
sea-ride viutor is so often in want of something' to interest him, that 
the constant crop of popular books describing, in more or less detail, the 
QBtuial hJst/}Ty of the sea need not excite much surprise. People can't be 
slways walking up and down the pier or the parade, or listening to indifferent 
brafs bands ; and if the majority of those who try the natural history line 
don't make much of it, their efforts, at any rate, can do them no harm. 
Hence we are inclined to welcome every fresh addition to the popidar litera- 
ture of the shore, and we do this with particular satisfaction when the new- 
comer is the production of a good naturalist, and worth; of its parentage. 

The latest accession to littoral literature, if we may use such an erpresaion, 
forms one of n series of small volumes published by the Society for Promot- 
ing Christian Knowledge, under the p-enernl title of " Natural Sstory 
RBmhles." and is by Professor P. Slartin Duncan, whose work, whether 
technically scientific or of a more papular character, ia always good and 
sonnd. Taking as his title "The Sea-Shore," Dr. Duncan does not confine 
bis attention to the marine plants and animals which may he picked up on 
the beach or found in rock-pools, but treats his subject from a broader pcont 
of liew, so as to show in a general way all the directions in which sea-side 
rambles may be made interesting and instructive. Thus, by way of defining 
what is the sea-shore, he indicates the geological phenomena of shore-forma- 
tion, and pas!tes from these to general con^derations on the zones of life 
fringing our shores, and in a second chapter describes the characteristic 
teirestrial plants of the shore. In the latter part of this chapter, however, 
he gives an account of the true littoral sea-weeds ; and from this to the lost 
chapter, which treats of the lards, we are throughout confined to the briny 
element. 

The subjects are arranged in systematic order, and the ten chapters relating 
to animal life furnish an excellent summary of marine zoology, in which the 
appearance, habits, structure, aud physiology of the animals treated of are 

• "The Sea-Shore." Dy Professor P, Martin Duncan, M,D. (Lond.), 
F.R.3. Sm. 8vo. London : Society for Promoting Ohrisiian Knowledge, 
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descnW with gre&t clcarnesH and witli an almoBt totftl abwnce of eo-oIU ' 
hard woids. Indeed, the piincipDl thing that a natuiEliiit would be it ~ 
to find foult with in this bcwk is the, perhaps exceBsire, avoidancM i 
technicalities, the desire for which ha« erideDtly often hampered the a> 
and led him to make use of a phraseolo^, to mj the least of it, a little a 
couth. The little book is ptetty freel; ilttutrated with fairlj good n 
eDgravin^- 

BRTTISn BIBDS.* 

rthe fortunate readent in country places who takes an intetort ii 
pbeoomcna t)iero ore in general no more attractive objects than 
The most promiaent of the living elements of the landscape in most 
intereeting from their elegance of form or beauty of plumage, and ~ 
from their habits, the most unobaen-Hnt of countrymen is perforc 
extent a student of birds, even though his mora intimate acquuDtancs 
them may be limited to hia boyish experience of plundering their DMtt, 
somewhat later in life, to a vigoroua persecution of them with his first. 
Hence, practically, we find that of all departments of natural history, 
thology is that of which a knowledge (scanty, it is true, in the majorilj 
cases) is moat generally diffused, end there is no other group of wild 
about which the doaiie for knowledge is greater than the class of birds. 
i Under these circumstances it is no matter for wonder that the hterstiul 
of Biitisb ornithology is tolernhly extenuve; and, in fact, we have 
enough — good, bad, and indifferent — which give a mora or less aatisEutoij 
account of the charactets and habits of the avian inhabitants of these 
Capt^n Moore has, however, struck out a new line in this respect, and bl 
produced a most unpretending booh, which, we think, will prove of no sat' 
nse as a work of reference both to the general observer and to the ssiii 
student of British birds. In a series of five tables be baa syatemaScd 
arranged the whole list of recorded British birds, and furnished in piall 
columns nearly all the information that can be given aa to their geograpluc 
distribution and migrations. Even the actual list b instructive. The Imi 
are divided into three main categories — residents, migrants, and rare (ot( 
cssional) visitants ; and the second set are further divided into summer « 
winter vhiitants, so that the names of the birds stand In four columni,!! 
the proportion of raaidents to migrants comes out in a most slrikiiig Ii 
rather surprising fashion. Thus, one is hardly prepared to see that mi 
373 recorded British species only )I4 are permanent reddenta in tbi 
islands, whilst 13G are true migrants, or regular summer or winter vista 
and no fewer than 136 fall under the designadon of occasional visitui 
Of the wading and swimming birds especially, the proportion of vraadM 
is very large, the number of speciee of these two orders, which an «tfc 
migrants or occa^onat viutors, being about four times as great as tteti 
the permanent reeidents. 



* "British ffirds: systematically' arranged in five tables, showing tl 
comparative difitributiun and periodical mictions, and giving an outliw 
the geographical range of 876 species." By G. Peter Moore, F.1*S. * 
London : Van Voorst, 1879. 
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loir it is with regard to tbeaa waudaring birds that CapUin Moore'a 
e particiiluly intereating, for be indicates tbeir diatributiou in other 

intriee, and, iu the case of migrants, the time of the year in which thej 
lie met with elsewhere, thus hriogiog- into a very convenient form for 
reference a great hoiy of information upon all matters connected with tha 
geographical distribution and migrations of our British b'irda. Thus, if we 
tike a common and weU-known species, such as the martin, we get the fol- 
lowing information about it in a Bingle line — it occurs in summer throughout 
tbc British idlands and all over the Continent of Europe, is a bird of passage 
ID the islands of the Mediten'aoean, occtuiB in, summer in Iculaud and tha 
Faroe lalatidB, is a rare resident and winter visitant in Palestine, occurs in 
wuthern Siberia in summer, in the north-weat of Indio and in Aralua, and 
in Egypt, Nubia, and Abyssinia in the winter. In northern Africa it is also 
dT course a bird of passage. In like manner with other species the whole 
diitributioual history of each is indicated by a few symbols and letters placed 
in ibe respective culumns under the bends of the dill^reut cuunlrlcs inbaUted 
or 1-iiited by the birds. The book ia in fact a tabulated sumtuary of those 
pcmts in the Natural History of British Birds whicL, although of great im- 
portance to iho ornithologist, will most easily slip his maniory, and the 
lulher'fl labour in preparing it, which must bave been very considerable, 
o earn for him the gmtitude of his fiillow-students. 



THE nUM-Uf SPECIES.' 



KKATURtVL History of Han, written by M. de Quatrefages, forms the 
twenty-sixtli volume of the International Scientific Series, and we 
i hardlv say that, like everything that comes from the peu of iu disttn- 
ruiahed author, this little work is eicellent. M. de Quatrefages, as is well- 
known, is a strong monogenist in antbropolo^, and be devotes considerable 
ipace here to the development of his liews upon the question of the unity or 
Uversity of tlie species of man, which be settles, of course, in favour of the 
!biiner. The m^n argument, naturally, is the unlimited fertility of the 
laman races intrr it, and the continued fertility of the crossed races, which 
;ertunly goes for enougli to prove that the differentiatioD between the races 
liaa not adi-anced to the production of " physiological species." In cocneo- 
tioD with the question of the origin of maokind, the author also submits the 
ioctriue of evolution to exaroination, and comes to a decision adverse to the 
acceptance of any such idea to account for the origin of species, upon gi'ounda 
which do not appear to us to be of very great weight. The roaio objections 
rwsed by M. de Quatrefages to tbe doctrine of evolution, or, more properly, 
to the more advanced developments of Darwinism, are, that its upholders 
generally give no cleat definition of what they understand by a" species;" 
and, secondly, that they cannot or will not sny '' they do not know," and 
therefore are inclined to assume that certain things have happened in aceor- 
tfuce with the requirements of tbeir theor}', when it is quite possible that 

»• "The Unman Spoi-ies." By A. deQuatrj-'^BgeB. 81 
KdI &. Oo., 1870. 
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just tbe raverso bns taken place. There u, perliape, some ^o 
Utter reproach ; hut nt tbe same timo its justice can liardl}- in 
doctrine of evolation, as Hpplied to plonte and ftnimnlfl, whicii r«s 
obeeTTalion of the phenomena of distribution of organisnu in spat 
and hj no means upon the auecess of the sttempls that have be 
Darwin, Wallace, and others, to expliun how the observed pbeoi 
hafe been brout^ht about by secondary causes. Tbe geoii^niphic 
tioQ and geolofncal successiou of tbe species of plauts aud auin: 
certMa general peculiaritieH which require to be accounted for; 
that new forms (species) have always come into existence by th 
tion of the o&pring of pre-ensting organisms, Beema to fumis 
t/ientific method of aceousting for the observed facts ; and the 
Mr. Darwin, or of Professor Uackel, to eiplmn all the steps b] 
process has been Bccompltsbed cannot Isgitimately shake the tbeo 

These general bioIi:^cal questions occupy the first two sectiai 
Quatrefages'a book, and ofter dismissing them he proceeds din 
considenttiou of hia main subject. The third section treats of th 
of man, and gives tbe evidence proving the exialence of hunju 
remote periods of the existing epoch ; and, secondly, those more t 
cations of their having lived in Tertiary tioies. M. de Quatrefaget 
to accept the evidence which carries back man in some locali 
Miocene, and seems to think that there is no reason why be sbou 
had a still higher antiquity. lu succeeding books tbe author ] 
discuss tbe original localization of the man, Ihe course of his mi 
peopling the earth, and the phenomena attending bis acclimatixa' 
TariouB parts of it, nil, of coiu'se, strictly in accordance with m 
views. Next, he considers what was the nature of the primitive 
which, it must be confessed, he not uunaturally leaves us coneider 
dark ; but be mainUiina Ibat the origijial formation of distinct 
place under tbe sole influence of the conditions of life nod hen 
afterwards modified to a certain extent by intercrosrang. 

These general and more or less theoretical matters occupy aboi 
book ; Id its second half M, de Qualrefages treats Grst of the enrlii 
whicti we have any reliable remnioB; and, secondly, of the chan 
sical and psychological, of existing races. With regard to tlu 
enters into no detailed examination of the different races of ruu 
cusses those characters and peculiarities, whether of mind ot b 
servD for the distinction of mces, and, of course, indicated in a g 
the particular races in which these peculiarities occur. It is a 
the principles of ethnology, and not a formal classification of th 

!□ taking leave of this very good book, we c^innot but express 
that tbe publishers do not exercise greater core in the selection of a 
for liUL'h work«. In the present volume we find passages which an 
not correctly translated ) and the qualifications of Ihe translntor 
wilb such a book may be iuferred from the fact that in one ph 
given "Indian jMg"as the equivalent of the Froach " Cochon d 
another " mean Miocene " aa the Iraualatiuo of Miocinr tno% 
in uoUiei (ucribea the preservation of the history of tlw J9i 



me with Ameri(?n to Irish inBtund of Icelandic BBgw, and actually caUs 

icb Up«i, bishop or Oreenlftud in llSl, an Iiiahman ! Surely it would be 
nnrth while for the publiahera Ui go to a little extra expense to tivoid 8uch 
ibndns as ibeaif, aad esc&pe Irom the inevitable suspicion that, where such 

;nr, others, perhaps of moi* conaequonco and less easily detected, are to 

expected. 
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TREES AND FERNS.- H 

HEATH has published a small volume in which he treats of boCb 
his favourite subjects — trees and ferns — we presuiue with the object 
tl reaching a public who would be deterred from purchasing hiti larger and 
Bnre expenaive books. It is, in fact, merely a reprint of the more general 
portionB of his "Woodland Trees'' and "Fern "World," with a couple of 
Aapleis from the " Fera Paradise." As we have already noticed those 
need say little about the pieseut one, except that as pving' certain 
details of the structure and mode of growth of ferns and trees in a popular 
Inm it may be recommended as tendinis t) foster in the young a ta^te for 
Vitinicat studies, and as furnishing a useful ^uide to the first steps of the 
tegimter. "With regard to ferns, some instructions in collecting and gromng 
also pven, like Mr. Heath'a farmer publications the llttla book 
& prettily illustrated. 
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ANTHROPOLOGY. 

An Elephimt-pipr in North Amn-ica.—iiT. J. D. Putnam liM seat 
editora of tbe " Americnn NitturaliHt" (see numter for April, 1879) jAoto- 
grapbs of two ppea from n mound in Muscftdine Oountj, Iowa, 
lepresenting a bear, the otlier en elephEint. Tbe latter ia ao like ui elepbul 
in the head, bcidy, limbs, and trunk, that although it shows no ttulo, titu 
ia stud to be no doubt that the maker of it had seen nn elephant, and tiM 
to reproduce its likenew in this pipe. Coupled with the diaooveryofM 
" elephant mound " in Grant County, Wiaconain, tbe occurrence of this 
aeems to point to the co-existence of man and the mammoth in Xoft 
America. 

•Sirniim Clutraetert in Negro Braim. — Dr. A. J. Pnrker brought this mlJMt 
befoie the Academy of Natural Sciencee of Philadelphia (October 8, 1978). 
In one negro brain out of thirteen that he had examined, he has 
the existence of an internal inferior jrfi de pauafff, which was at 
veloped as in any of the SimiadEe. In that 1:nnin the eouvoluldon in ' 
measured a quarter of an inch in width, and completely sepantad At 
parieto-occipital or iatemal perpendicular Cetna the calcsrine fiesom, ■ 
that this repon presented the same appearance that it does 
Tbe same convolution is uniformly present in all those animals, except il 
Afelet paniicui, according to Huxley, and in Jlylobatn, according to Ks^oC 
It has never before been found fully developed in man, and the abieDce rf 
this small, bridging convolution has been regarded by some anatomista U 
distiiiguiabing characteristic of the human brain, aa compared with that I 
the Anthropoid apea. In another brun of an adult female negro, oDa ' 
twenty examined slaee the first discovery of this convolution, it was q>l 
met with, fully developed up ta tbe surface, an righth of an inch wide, n 
completely separatiog the two fisaurea above mentioned, Thia suppOM 
nmian convolution was tberefore present in two brains out of thirtJst&M 
Dr. Parker has also observed in the bnun of an adult malu negro tba 
pletL' conni'cljon of the fissure of liolaodo and the Assure of Sylvius. 



ASTRONOMY. 

Oxygen in tht Sun. — Unqueat ion ably the moat important ast 

uvent daring the last quarter has been the ftuiouncement by 
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Xlenr; Draper of the wrieH of observotions by whicli Ue has tested aud coq- 
fimed the evidence be had obtained in IST7 rospectuig the pre:ji?nce of 
oijgen iu the eun. It will be remembered that the negativua he had 
obtained in 1677 were on a scale equal tti about one-eigbth tbnt of Aug- 
strbm'a Donual epectriim, the enlargements being- four times as great. He 
Ins now obtained n^sljres as larfto ns the former enlargements, or on half 
the scale of Angstrom's chart, so that the enlargementa (fourfold us before) 
are on twice the scale of these refereni^o charts. Tbifi is of itself a most 
important advance, indeed it may be doubted whether Profe^isor Draper or 
anyone else will ever be able to pass miicb heyond this, seeing that the light 
of the eleetric spark in air which gives the comparison spectrum of oiygen, 
is scarcely equal to one standard candle. By comparison he finds that when 
the eleclric spark from bis Gramme volatilizes iron, the light is sixty times 
stronger than the most vivid incandescenoo of air that he has been able to 
produce. Still further to improve the air spectrum, and tbua to teat the 
reality of the coincidences between the bright oiygen lines in that spectrum 
and bright parta of the spectrum of the suu. Professor Draper has devised 
what he calls the Bpark compreseer. The cunilensud spark taken in the open 
air, or in a gas under atmospheric preasure, pursues, if unconfined, a zigzag 
course, and tliis is apt tt> produce a widening of the lines in the photographed 
spectrum, After many experiments, Professor Draper found tiiat tlie apark 
might be compressed between plates of thick glass, or butter slill between 
two plates of soapstone. When the interval between the plates is directed 
towards the slit of the spectroacopo the lateral flickering of the spfiik is pre- 
vented, while jot the spark h fully exposed to the slit without the inter- 
Tendon of glass or any substance on whicii the volatilized metal from the 
terminals could deposit. Very early in the research it became apparent that 
Pliicker's tubes could not bo employed with electrical currents of more than 
a certain intensity, partly on account of the deposit that took place in the 
capillary portion, and partly because the terminals became bo hot as to melt 
and ci-ack the glass. Moreover, it was desirable to use one terminal of iron 
Bo as to be sure that the epecti-um of the gas was correctly adjusted to the 
solar spectrum, aod this is impracticable with Pliicker's tubes. An addi- 
tional advantage arises from the soapstone plates, viz,, the temperature of 
the small volume of air between the terminals is materially increased, and 
increased brightness results. The comparison photographs thus enlarged 
and purified show as perfect agreement between the oxygen bright bands and 
the bright parts of the solar spectrum as did those obtained In 1677. The 
value of the evidence given by each coincidence Is increased fourfold ; and 
it need hardly be said that that of the evidence from the complete series of 
coincidences is increased in much greater degree. In fact, as there are 
eighteen well-marked coincidences, it might theoretically be argued that the 
total value of the evidence is increased as (4)'* to 1, or some 05,000 mil- 
lions of times. Although this number can hardly be taken as it stands, yet 
this may, at any rate be said, that if the cTidence obtained in 1877 gave an 
even chance or even a nmall degree of prohnbility in favour of the conclusion 
that there is oiygen in the sun, the evidence of the present series of photo- 
graphs makes this conclusion so exceedingly probable as to be practicallj 
I'antain. Professor Draper does not go quite so far as this, though be mi^t 






safely do HO. " On the whole," he sud, tnwtuds the close of Uie 
paper which he read before the Astranomical Society on Fridey, Jnw 14 
"it Aoee not seam improper for me to take the gmund tliat hftving dun 
hy photographs that the bright lines of the oiygen-spark epectmm all U 
oppoaile bright parts of the aolar spectrmn, I have established the pioboKBlf 
of tie Biistence of oxygen iu the sun. Causes," he proceeded, "llat ^ 
modify in some nieaBure the character of the bright parts of the aolai tf» 
trum, obviously exist in the sun, imd these, it may be inferred, exert infliuid 
enough to accouut for such mitior diflerences as may be detected.' 
clo»Dg his paper, Piafessor Draper called attention to some points indicatiq 
the nmount of labour and tima hie researches hiive already eousumed. EU 
photograph demanded an exposure of fifteen minates, and with prepanllM 
and development at least half an Lour was needed. The makinif of a phi 
graph, exclu^ve of experiments, required therefore about 30,000 lU-i 
sparks^ — that is, 30,000 rerolntiona of the bobbin of the Qramme niachiiMi 
the last three years the Gramme has made 20,000,000 of revolutioiia. ' 
petroleum engine oaly consumes a couple of drops of oil at c«ch stn 
and yet it bos used up about 150 gallons. Escb drop of oil pniducal 
or thren lO-incl) sparks. " It must also be borne in mind," said Plata 
Draper, " that comparison spectra can only be made when the sun is dtini 
and clouds therefore are a fertile source of loss of time." 

Mira Crli. — This star reached its ma\imuiQ about October 20 last. ' 
an ohservBtiun made by Mr. Oreely of Boston, about three montli* bd 
this time, would seem to show that there then occurred a weU-surial 
though subordinate moximuui. About the middle of August, Mr. Gn^ 
early in the morning, iu looking for Saturn through the clouda, cawK 
which he for a moment mistook for the planet ; but its scintillaiioiis mm 
showed that it was not Saturn, but something unusual in that quarter of ^ 
eky. The clouds cleared ctff soon after, giTing him an opportunilj of ix>la| 
its brightness, which he says was fully equal to that of any second 
tude star. Being curious to know what this ator was, he carefully " 
rited " its position (such is the expression used by Professor SawTar 
Cambridge, Mass., in descriliing Mr. Greely's observations) — the word 
riie is not perhaps to be found in the dictionaries, but " 'twill aenrc 
reaching home, Mr. Oreely, by mnians of a star-chart, identified the etai 
being Miia. The next few nighte were cloudy; and when ho again Hi 
star it had greatly decreased in brightness, and shone as a fourth or 
magnitude star. Profes^ir Sawyer and Mr. Chandler (an observer of ti 
stars), were at first disposed to place Jittie reliance on this singular ol 
tion, not questioning Mr. Qreely'a statements, but doubting if he bad 
identified Mira. Subsequent inquiries satisfied them however tbat h 
If the variations of Mira always followed the ordinary course described^ 
the books, we could not very readily believe that on this particular ot 
the star bad deviated from its normal series of changes. But as a : 
of fact abnormal phenomena have already been noted which tend to 
Mr, Greely's stateinunt far less iuiprobublo than it might otberwist ba 
■idered. Thus in the four years 1072 Ui 1070, Ilevelliis, though bn 
specially for the star at the times when it should hare skoue with 
maximum brightness (about that of a second magnitude star), foiled 
(rether to detect it. 
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■Q'he StuBtT'SmgtA rojitroBorty, — The question to wbicb we adverted in onr 
summuy has not been dealt with predselj as the fiienda of the lal« 
Admiral Smyth could have wished. InateBd of aa exninimtiou of the 
angular instances of discrepancy from fact and agreement with the errors of 
others noticed by Messrs. Bumbam and Sadler, which could not but hare re- 
sulted either in cleanng Admiral Smyth's memoiy framall auapiciou^ or else in 
showing: that unfortunately the doubts which seem to be suggested by 
Mr. Sadler's recent paper were well fouoded, the matter tins been umply 
dropped, the council of the Astronomical Society publishing a statement 
fel^ying their regret that they ever allowed it to be taken up. A tone was 
"in discuataog the matlar which implied further, that whatever cor- 
may be made as to acientiiic statements, none which would au^^t 
B poaaibilit}' of fraud should ever lie published. It wa^ understood that 
is was specially ur^dby the Astronomer Royal, who bein^; personally in- 
FMted in the matter (nut simply as a friend of Admiral Smyth's, but aa 
ning practically pledged himself to the value of Smyth's observations — 
w admitted to he almost valueless as a series) might perhaps with better 
Its have remained silent, iitit apart from this It was rather singular to 
■r the author of the most virulent personal attack recorded in the history 
ftStroDomy, that, namely, in which Father Hell was not only accu!)ed of 
i and careless obserAatioD, but directly charged with personal fraud, 
leptisg a tone which perhaps might have Beoniod correct enough, if rather 
beted, in the case of one who had never offended against propriety in aoch 
iters. Wo are glad, however, to find that Mr. Bumham emphatically 
ipts the interpretation placed by Mr. I'roctor on the words "stupendous 
"," applied by Mr. Burnhom to Admiral Smyth's work. lie cannot 
1, lie says, how this could evei- have been understood to imply 
parsonal fraud on the admiral's part ; but herein we cannot quite agree with 
him, for in England that would be the natural interpretation of such an ex- 
pression. But every one acqnainted with Amencan modes of expreenon, 
!W that the word " fraud," as used by Mr. Bumham, did not necessarily 
even probably imply any personal relleclion on the admiral, but simply 
,I«d that his boolc was disappointing and unsatisfactory. 
'.^lee'runi of Sroi-iett't Ccnnet. — The following obaervations of this interest- 
object have been made at Greenwich, and are communicated by tho 
Astronomer Royal. The dispersion used was that of one compound " half- 
priam," equivalent to four flint prisms of 00° (2(f from A to h), with a power 
of 12 on the viewing telescope. The Bpeclroscope was mounted iw the 
ttraat Equatorial. 

Kffhe apectrum consists of the three unual coroetary bands, corresponding 
B^ie three principal bands of the second spectrum of carbon, and does not 
tyMBent the anomalous appearance found by Dr. Iluggins in l>^Odi. The 
bands were compared on several evenings with those shown by a vacuum 
tube containing vapour of alcohol at a pressure of 1*2 m.m., and the coinci- 
dance appeared sensibly perfect. 

The podtion of the brigheet comet-hand (in the green) was measured with 
" bright line micrometer on two uvenings, April 19 and 23, by Mr. 

ider; on other occasions it was compared with the corresponding ear- 
indirectly by means of a movable bat in the eyepiece, <10 tenth* 
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metres broad. Tbe foUoiriDcBTethe reeultsof themicrometertewtuigslbrtlw 1 
leas refrBDgilile ed^of the comef-band referred to the centre of the hi 
portion of the earboB-baiid, -n-hich (with a nnnow elit) is lees tliaa 6 t«iitb- 
metres broad : — 

ISJB. Ooinet-l»Dil. WKve-lmgth 



The wave-length of the less refraagiblo eige of the CArbon-band (aleobtil 
vapour in a vacuum tube) has been taken at 51i)8'3 tenth-metres. As i 
not found precticBhle to use a narrower slit, there is probablv an unceil 
of several tenth-metres in the position of the comet-band, but it appaia I 
from these observations that it coincides approximatelj nith the baod it 
second spectrum of carbon (vacuum tube) at 6108, and not with that in iIm 
Oral spectrum (blue Same of Bunsen burner) at C1B6. On April 17 eevenl 
compansons were made bj Mr. Christie, bj brin)nng up a movable bar froto 
the blue end of the spectrum so as just not to hide the bright edge of tba 
CDiuet-band, and in every case the coincideace of the less refrangible i 
of the comet and alcohol-bands appeared sensibl; perfect. In iLe«e n 
TBtions the slit was of such a width that the bright line, with which ib» 
alcohol-band commences, had a breadth of about 30 tenth-metres. 1 
principal comet-band extended about ^ of the waj towards F, to about wt 
length 6,000, its blue end appearing- to coincide appronmatelj with t & 
band of alcohol. 

The second comet-band in the yellow -was measured on April 38 br Mr. 
Maunder, and ite red edge was found to be 2'4 tenth-metres to the nd of 
the middle of the brightest part of the alcohol-band at 6610. The Blit,bow^ 
ever, was verj wide, viz. 0'°'033, correspondbg to 05 tenth-metres. "Dot 
measure would place the red edge of the comet-band at 6680, wlulat Ihff 
band in the first spectrum of carbon is at 6635. The more refnugiUe toL 
of the yellow band appeared to coincide with a well-marked band in 
alcohol spectlum. The third comel-band was very faint ; it appeared to h» 
in the neighbourhood of the blue band of alcohol at 4836. The reUtiv* 
brightness of the three bands was estimated thus: Oreen,10; T*illow,3: 
Blue, i. 

At Lord lindaay'a ohaervatory Duneeht, the following observations t« 

1370, April 12, at 12''9'»S.M.T., the comet was well seen between cloud*. , 
It had a raj-tike tail, vrhich could be traced for about 26' from the highlf 
condensed nucleus. The coma was obvioualj elongated at right angles to 
the direction of the lul, its greatest diamot«r being about 6'. Clouds y, 
vented further observattona. 

April 16, 10» 30- 8.M.T,, tail IC long, in position 67''-8 by six meun 
with powers 133 and 220. No structure could be detacled in the nncleni 
with powers 220 or 312. 

April 17, 12" 50" S.M.T., tail 13' long, in position 61°-0 from thns 
measures with power 123. 

The spectrum waa olewred on April 16, May iJ and 3. 




Nos. 2 (ind 3 were sharply bounded on lie less refrangitle side, fading oB 
^iftdiiftlly towardfl tiie violet. No. 1 was Tery ill-defined on both eidea, and, 
aeiufT without any definite brighter part, its wave-length is very uncertain. 
Dbu^rvers, Ralph Copelond and J. Q. Lohae. 

Phenomena for the Quarter. — The Bun will be eclipsed, but not vimbly in 
England, on July IP. Venus will be at her greatest brilliancy, as an evening 
star, OB August 10 ; and in inferior conjunction with the bud on September 
S4. Mercury nill be in inferior injunction on August 24. Jupiter will "be 
in opposition to the sun on August 31. Saturn (this however belongs to the 
fbUowing quarter) on October 5. 



■^ BOTANY. 

The Slack Mildeio of WaBi.—la "Sdence Gossip" for August last there 
was an article by Professor Palej, entitled " Is the BlBckness on St. Paul's 
merely the Effect of Smoke," in which the author mwntained that this 
blackness is chiefly due to the growth of an iwdescribed lichen, which appears 
to flouriah only on iimeslone and in situations unaffected by the direct rays 
of the sun. Professor Leidy, calling the attention of the Academy of 
Natural Sciencca of Philadelphia to this paper (September 3, 187S), 
remarked that he bad himself many years ago noted a dmilar black appear- 
ance on the brick walls and granite work of houses in narrow shaded streets, 
upeciolly nenr the Delaware River. Noticing a umilar blackness on the 
bricks above the windows of a brewery, ftom which there was a constant 
escape of watery vapour, be was led to suspect that it was of vegetable 
nature. On esamination it proved to be caused by an Alga, closely allied to 
what be regarded as Prutococntt i-ii-idU, which gives the bright green colour 
to the trunks of trees, fences, and walls, usually on the shady side. It may 
be the same plant in a different state, but until this is proved he proposes to 
name it Pi-otococca» lugdbrti. It consists of minut« round or oval cells, 
from 0'006 to 0-000 millim. in diameter, isolated, or in pairs or groups of 
four, the result of diviMon, or in short irregular chains of from four to a 
doKeu, sometimes with a lateral o&shoot of two or more cells. 

IrrUable or Sentitive. Slament.—Ia Port III. of the " Proceedings of the 
Academy of Natural Sciences of Philadelphia" for 1878, Mr. Thomas Meehan 
calls filtention to the large number of plants now known which exhibit an 
irritative motion in some of their parts, and states that from his obaervationB 
of plants of the orders Biiptoniaeeee, Scrophidariacett, and Acnjithaceaiha 
has arrived at the conclusion that wherever there are bilobed flattened 
stigmas in these orders this sensitiveness to touch would be exhibited in a 
greater or less degree. He then remarks upon the fact that though in the 
Qpnnf tie, a genus of Cactacea, the stamens move in various directions when 



touched, ;et no Bach motion hod 1>een obeer ved iu Cfreu», MamimBana, ■ 
other allied genera of the order ; lie had, however, noticed n siinilKr motii 
in the etamens of the common garden Pi/rttdaca ffrandiflora, and in tk 
Purslane, Poriulaea oleracea, In another Portulaceoua plant, Talmum p^tt, 
the expanded BtamensfaU down on the petals vheii touched, while, Btrugt^ 
euough, no trace of motion could be detected in Talinum terrtifolim ' 
in a West Indian species which was found growiag in a botanicnl gudin : 
St. XiOuis the expanded stamens fell down on the petals wheD toueb^d, d 
ha thought it remarkable that this power Ehould exiEt in T. jmtait and H 
in T. tfretifolium. 

Mr. Meehan suggests that the objects of these movements vaay jet bn 
an intereating study, poiating out that in DioTtaa, Drotrra, and some otboi 
the motion had been found to result ia some immediate benefit to theplul 
white in Mimosa, Jledyiorum, and others, no such immediate benefit M 
been observed. In the cose of sensitive stigma.?, the; had been suf^isdM 
have some reference to arrangementa for crosa-fertiliiation, but this hett 
udered doubtful on these grounds ;— In the case of Mimuius riugtn* fli 
Btigmas expand, and the anthers disperse their pollen before the coToDlii 
quite open, and pollen may bo generallj found on the stigmatic a 
when the mouth eiposea these parts to view. In Tecoma radictna, on tl 
other bend, the Inbes of the pistil do not expand till some titneafterd 
mouth of the corolla is open, and in manv cases pollen-hunting beet U 
carried away all the pollen befora these lobes bad expanded. 

In cases where the espansion of the lobes and dispersion of Ibe poD 
were8iinult*nei>iiB,it waa theoretically supposed that a bee or insect track 
the lobes with its pollen-covered head or back, and that the lobes tt 
closed against the admission of pLillen on the withdrawal of the insect ft( 
the flower ; but he bad found thnt the bees in the cases oheerved bj ll 
occupied hut from three to five seconds in visiting a fluwer, while it U 
from thirty to six^ seconds for the lobes to close, and then they wen sridi 
BO completely closed as to render the reception of fresh pollen difficult. 1 
Meehan bad therefore come to the conclusion that the hvpotbesia it 
to crosB-fertilization was untenable, and that the real uae of tlui molloa 
the economy of nature still remained an optn and promising field tol 
future investigator. 



OnEMISTRY. 

The Formation of Organic Ultramarinri. — Do Forerand has olreitdy sb01 
that the ultramsrioee of diflbrent metals may be obtained bv alJowii^ l| 
chloride of tbe metal selected to act upon the silver ullntnarine, bod 4 
idea occurred to him thnt the process miglit be extended to (he chlolidMt 
iodides of different alcoholic radicles. ThesilvercDmpouitdwashettBdtolV 
for from fifty to sixty hours with nn excess of ethyl iodide. Aft«r tbe opi 
tion had gone on for from ten to fifteen hours the tube was opened, tba pi 
washed with alcohol, hj-posulphite of soda, and water, and njrain pbued i 
the tube with an excess of ioiUde. This process wM repented HEveml tiM 





soiENiinc su; 

1 fact, the oaKfullj-woahod product contained no more silver, The 
inal product haa a light grey colour, and is decomposed when heated, ethjl- 
nlphide being' evolved. If it ia previously atronglj heated with sodium 
ehloridd no etbvl sulphide is given off, the grey powder turns blue, and 
■" e original ultramarine, with ell its properties, is formed. In order to 
lOW that the ethyl really entered mto Ihe constitution of the ulOUnariue, 
.e products of the action of heat on the tody were collected in mercury 
eUoride; the ciyBtftlline precipitate had the compositjon (0,Hj)j8,H,CLi, 
I wlucb it is apparent thnt the ethyl actually formed a constituent. 
ilar reactions were observed with the iodidea of other alcoliol radiclea 
ItJii with eooie quaternary ammonium iodides. — (_C"mpt. rend, lixivii. 30.) 

Oxidalion of Quinine with rotamam Teniianganate. — According to the as- 
^rimenls of S. Hoogewerffand AV. A. Van Durp, during the oxidaUon of 
quinine by this method a part of the nitrogen is removed in the form ot 
■mmonin. Some oxalic acid is formed, ee well as a nitrogenous base, wiiich 
aepcrates in transparent crystals, and melts at 244°, This new body is 
tribatdc, and has the formula 0,IIjNO„, A number of its ealte have been 
pepared. (juinidin, as well as cinchonine, appears to furnish the same 
kjprodoct when oxidized, and it appears to be tricarbopyridinic acid, 0,1L,N 
(OOOH),.— (Brr. chem. GeteU. xW. 158,) 

Lo/tuicone. — N. Franchimont reports his having obtained a conoderable 
•quantity of lactucarium out of Lactiu-n aHimma, from De VriJ, and hu 
•IiBTing induced Wigman to prepare the Inctucone from it, and to compare it 
^irith betulin, lie obtained it in the form of microscopic needles, insoluble 
In water, soluble with difficulty in alcohol, easily soluble in petroleum, and 
Analyais pointed to tlie formula O,^!!,,©, which does not 
■accord with those adopted by Senior and Ludwig. An acetyl dtprivative 
•.eould not be obtained ; and phosphorus pontasulphide, by the witbdrawal of 
■ water, left a hydrocarbon of the form C,,!!^], Lactucone appears to be 
. Loniologous with camphor and the zeorine of Patemo, — (Ber. chevi. Oetdl, 

Di.10). 

Siosy/ene,— This body is a derivative of the paraffin of coal tar. E. 

• lippraano aod J. Tlawliczek find that nearly all the paraffin met with in 
.QDHuneice contains oxygen. The specimens on wbich they operated were 
treated willi sodium to remove it. To introduce chlorine into these porified 

. products they employed phosphorus pentachloride, which was added to the 
■olution of the paraffin in carbon tetrachloride, and heated with it. In this 
way a chloride having the formula Oj„n„01 was obtwned, which, when die- 
tilled under ordinary atmospheric pressure, gave up its chlorine in the form 
of hydrogen chloride, the hydrocarbon to which they have ^ven the name 
of raJioeylene, and which has the formula 0„H„, remaining isolated. It 
e all the characters of an oleGne, and forma a second cblnro^erivatire, 
Itaring the composition C.^TI^Cl,. Eikocylene is consequently homologous 
'Willi oetylene 0„,H„,and maybe regarded as a high member of the acetylene 
•oriea.— (Bit. chem. Gettil. lii. 62). 

Tht TraTu/ormatim of Starch into DfTtroM in tie CWil— Starch, it ia 

..known, is slowly tmosformed into dextrose when btnled for a long time with 
ivater. Biban haa mad« some obwrvatirrna which wem to show that the 
jnaa result may be arrived at in the cold, though much more gradually. 
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eolation ronned by Wiling one pnrt of finelj-divided starch in oneboitdR^' 
vater Batunted with mU, and filtering the same, ia imputreecible, lud nl 
be preserred for a long time. After a year the author's soIutioD appoucd 
be less aensitivo to iodine, and after three or four <re«ri was no loogc 
coloured by that reagent. It waa aeutml, limpid, cootatned do tiace of U 
organized ferment, reduced the copper solution energetically, and 
brown by alkalies. Determined by the copper test, every 100 i 
O'lll gramme of dextrose; but when feirot^yanide of potasainm ma 
ployed, which is not affected by dextrin, 100 cc. cont^ed O']02 
A mixture of nine-tenths dextrose and one-tenth dextrin was comeqaMli 
formed from the ataruh. The solntion in a tube 200 mm. lon^ rotated to tl 
right; Da- + O-IS". The author calls attention to the importance of fl 
transformation of starch In the cold without a ferment in its bearing on lit 
physiology of vegetable growth. — {SiiU. Soc. Chim. iiii, 10), 

The Actioit of Itonuirpfuntt Salt* in Exciting the Cn/sl.all>xtUiott ofSi^m- 
tatwatcd SolalianM ofmch other. — Mr. John M. Thomson, of King's CoQigl^ 
baa read a paper on this subject before the Chetnical Si^dety (.^outti. Chilli 
8oc., May 1870). He points out that two explanations hai-e beeo ^ 
forward to account for this actioii. One, that the cryslallixatioii is iodiuii 
by the eutrance of a particle of the same salt -, and the other, that, a p 
physical cause, such as the presence of greasy, fatty, or oily matter in 
films, may he found active in exciting the ciystallization, A solutiCB if 
potassium tri-iodide, which had remained under a desiccator for a oonndM* 
able time without change, was found after a short exposure to the air to t* 
filled with crystals of the tri-iodide. The solution had undergono BDpf 
saturation, and its deliquescent nature would most likely prevent ita Soatii 
in the air as a solid: it obriously was not a particle of the salt itself wUl 
excited the crystallization. In his experiments the supersaturated eoltttii 
was placed in a flask, and that of an isomorphoua salt to be employed itf 
nucleus in a thin glass bulh, which whs aupporled in the neck of the fladi w'**' 
a plug of cotton wool. The solution in the bulh-tube having been boiled, tbr 
tube was stoppered with cotton wooi The contents of the flash wer* t^ ' 
boiled, and the arrangement placed aside for eighteen or twenty hours, 
perform an experiment the solution in the bulb-tube was cryslallixed bfi 
touching it with a platinum wire, and the bulb-tube lowered into the liquid' 
of the flask, allowed to remain there some time to see that the introdaette 
of the glass into the fluid did cot cause crystallization, and finally liglM) 
broken in the fluid. Only a few examples of activity can be n 
here. The action of isomorphous sulphates on magnesium sulphate was yt 
succesnful. Zinc and nickel sulphate were active at once ; cobalt and ii 
sulphate after some time ; nickel sulphate with t)H,0, iron vulph«t« wi 
,i'n.,0, and cobalt sulphate mith xII.jO after some time. Sodium eeleiM 
with sodium sulphate crystalliied immediately ; cbronuum and iron aim 
with common alum were active. Hydrodisodic arsenate with the con. 
sponding phosphate crystallii;ed immediately and very rapidly. The expert 
ments with the sulphates of nickel, magnesium, and xinc contirm the 
of Oernez, pubhshed in 1366. The general r«ults arrived at by Mr. 1 
are :'-(A) When the mixture conusts of two salts which a 
phous : (1) Sudden crystaUiudon may take place, gradually i 
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tlirougl] the solution on tbe addition of ». DDcleiis, caimug a depouuon of 
tlie body beloDgiog lo the nucleus only; (i) Tb&l when sudden crjiloUita- 
paa takes place, causiag the depoeiliaa of both aalt*, there is a preponderance 
of the salt of the same nature as the nucleus; (3) That the nucleus maj 
TCBUun growing slowly in the solution, becoaiing increased by a deposition 
of tbe salt of the aame nature as the nucleus. And (B) \S*heD the mlxtore 
■aoasts of two isomorphoua salts: (1) Sadden crystallization may occur 
fllriDg ft depodtioQ of both salts, appareutlr in the proportion in which they 
«nat in solution ; (3) That when alow cirstAlliuition takes place, the nucleus 
increMea by a deposition of the least soluble salt, showing that in mixed 
snpersatiiratod solutioiia a gntdatinti of phenomena may be experienced, 
passing from those shown in the crystallization i>f a true supeisaturated 
solution to those shown in tbe ciystallization of an ordinary saturated 
solution. 

JV'nc Compautuh of Ammonia and JJydrogen Chioride. — Ilj-drochloric acid 
ftnd ammonia hcive hitherto bMii known only in one form of combination, 
ihat of eal-anunouiac, analogous to salt aud potasaum chloride. Troost, 
dnring his experiments on the vapour density of ammonia compounds, has 
found a number of curious compounds which dry ammonia forms with hydro 
gen chloride, sulphuretted hydrogen, and a number of other mineral and uigauic 
adds. In a recent communication to the Paris Academy of Sciences (Cvinpt. 
rend. Uixviii. S78) he describes two new compounds of Bmmonia and hydro- 
chloric add. The first contains four equivalents of ammonia alid one of the 
acid ; it melts at + 7°, its crystals energetically depolarize light, and therefore 
do not belong to the same cryBtalline system as salammoaiaci it is anhydraue 
and has the formula IICl, 4NII,. Tbe second compound contains seven 
equivalents of ammonia and one equivalent of the acid. It melts at — 18° ; 
the liquid eiliihita all the charactara of supergaturation; if ra[udty cooled 
it becomes viscous ; and at ~ 40° becomes a transparent solid mass. It haa 
the composition HOI, 7NII,. 



GEOIXWY AND PALEONTOLOGY. 

Carboniferous FrtiettflUdit.—iii. G. W. Shnibsole has communicated to 

the Geological Society (February 21, 1879), the results of his investigationa 
on the British Oartioniferous FeneatcUidee. He finds that owing to neglect 
on the part of describers to allow for dift'erencee in the structure at Tarioua 
stages i)f growth and in didercut parts of the poljioarium a great number 
of unnecessary species have been made ; ciut the twenty-four recorded species 
o{ Fmeiteila he has examined nineteen, and his invest igaliona lead bim to 
reduce these to £ve. 

Trrtiary Fomili of C/ii7i,— DewriptionB of tertiary foeals from Chili have 
been given by various authors, especially D'Orbigny, G. B. Sowerhy (in 
Darwin's " Oeolc^cal Ohservationa,") and Claude Gay. Dr. H. A. PUlippi 
now publishes (Zntte/ir. fiir die gemmmlen yalurwim., 1878), a noticu of the 
forms contained in the Museum at Santiago, preliminary to a more detailed 
memoir, which will contain thedescHptionsofnumerousuew species, From 
Ute tertiary depoats of Chili and tbe dependent islands, be records a great 
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Dunilier of moUusca — 1 Ptoropod, 15 Gasteropoda, 18S BivbItw, ud I 
Brachiopoda — and gpeciea ofXaulUtaund Bacidilts a!ao occur, Ufnth 
tebraU groups Dr. Pbilippi Qotices Anmilids, Eclunoderms, and Zoophjtii^ 
or rather Bryoioa; whiUt the TaTtebrata are repraacnli'd by n few flit 
remuns, a Plfmatawns and a whale. Of the eifchtj-oue geDera of moilma, 
three, namely BaaUittt, Oinului, and Ti-ij/onia, may ba rei^ai^ed asahovini 
OreUiceous adtnitiea, aud the Baeuli/et and Pliviotaunu chUfmm, up«d ~ 
iBTB been rtgarded as more properly bolonging to the Cretaceotu m 
Dr, Philippi has, however, obtuued specimens of both species along « 
undoubted Tertiary fossils, and hence he is inclined to draw a parallel b) 
tbe phenomena presented by this part of tbo (geological Eerii>j in Chili * 
in New Zealand, where, as is well kaown, Dr. Hector recogniiea wbat I 
calls " Oretaceo-tertiary " strata. From the scarcity of fomiB proper to m 
climates, and especially the iibsenee of corals and Polythalamia, Dr. P" " 
infers that at tbe period rapreseated by these beds there may 1mt« b 
already a cold current flowing to this region from tbe Pole. An iota 
point which comes out from his table of the moUuscan genera b that th 
teftinry fauna of Chili possessed n much greater siniihiritT to llu 
fauna of the Mediterranean than to that of the neighbouring o 
included at least twenty-flve important genera, now entirely trantiog cm Ua 
Chilian coast, but all, with the exception of Fema, represented ii 
terranean. 

Among the'remains of fiah, which are generally so fragmentary oe to b 
incapable of determuiination, Dr. Philippi records the discovery of the ti 
of B. species of Careharodim, which is interesting Irom its relationship to til 
gigantic teeth belonging to the same genua found in the Tertjariea of til 
Meditartaneon r^on. The author describes it as belonging to a distilii 
species under the name of Carcltarodon giyas ; it difiers from the well-lc 
CaTPharodon meffoiodon at first sight by its obliquity ; its eonrex a 
obtusely ridged, and its margins ore less regularly and less deeply n 
than those of the European species. Tbe length of the longer margin of 
toolh was about 4^ iucbes. 

Pobjdactyle Horta. — Professor Marsh has an article on this subject id ' 
"American Journal " for June 1870, which, besides describing bia oh* 
tions on recent horses with supplementary digits, gives an iatecesdi 
mary of the palnontological facts bearing on the question of the b 
parenl^« of existing Solid ungulates. It appears that the mtet c 
form of polydactylism in living horses is the presence of an extra si 
and hoof on the inside, either of the anterior pair or of all four bei, tl 
Professor Marsh has lately beard of a colt with three toes on one fon Sm 
•Dd two on the other, and of a mere (still living) which has three toea a 
each fore fiMt aud a small extra digit on each hind foot. Tbe more fiwtM 
presence of extra digits on the fora foot is what might be expectvd ; but tb 
abnormal development of the toe on tbe inside is curious, both becanjet 
fteneral the second digit is less persistent than the fourth, and becauae, wbi 
developed, it would seem to be ratiier in the way. 

Of the jUuerican series of precursors of the liorse, Professor Manh apaill 
e examine the remans of the oldest reprcsentatircs dT tb 
is couDtfy, we shall find that these animala were oil polTdM^ 
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sDil of small size. As the line w&» contioued towards the present era, there 
"Was a ^radunl iscreaee la Aze, and a diminutinD in the number of toes, until 

thp present type of horse 'Iras produced The origiaal ancestor of Iha 

borse, not as yet dificavered, undoubtedly hod five t<ies on eitch foot. Tiie 
oldest member of the group now known ia the Eohippia, which had four 
iceU-devdoped toes and the rtidiiaent of another on each fore foot, and three 
toea behind. This animal was about aa large ta n fox, and its reniains are 
from tba Coryphodon beds, near the base of the Koceoe. In the next higher 
diTiaioQ of the Eocene, another equine genus, Oro/iippvt, makes its appear- 
ance. It resembled its predecessor in uze, but had only four t«es in front, and 
three behind. At the top nf the Eocene, a third allied genus has been found 
{EfiMl/pui), which closely resembled OrokippuM in its digits, but differed in 
its teeth. Near the base of the next fbrm&tion, the Miocene, another equina 
mammal (Metohtppus) occurs. This animal was about aa large ae a sheep, 
and had three usable toeti, and the splint of another, on each fore foot, with 
but three toes behind. At a somewhat higher horiiou, a nearly allied genus 
{Miohippiii) baa been found, which has tho splint, even of the outer or fifth 
digit, reduced to a short remnant. In the I'liocene above, a. thiee-toed hone 
{Protohippuii), about as lai^e as a donkey, was abundant ; and still higher 
up a near ally of the modern horse, with only a single toe on each foot 
(HiohippMi), makes his appearance. A true EquUB, as large as the existing 
borse, appears juat abora this horizon, and the series is complete.'' Theae 
remarks are illuatrated witli an interesting series of figures shon-ing the 
structure of the fore and hind feet, the fore-arm, the leg, and the upper and 
lower molara in each genus. 

A Moravian Cavf. — In an article communicated to the .\cademy of Sciences 
of Vienna, Dr. K. T. Liebe notices the contents of the cavern of Vijpustek, 
near Kiritein, in I^Ioravia. The bones of Mammalia fomid in this cave repre- 
sent the following species: — Lj/nx vulgaris (lynx), F^ig Catus (wild cat), 
C(mu«pe/fnu (Diluvial wn!f), Cimie/a7mliari$ (iog), VtUpet vulfftirii {{ox), V. 
tngoput (Arctic fox), 6*11^ horealiM (glutton), Marta abittinum (pine martin), 
Fmtori'ia patorivM (polecat), F. eitm'nea (ermine), Vajxrvgo nerotimit (Sero- 
tine bat), Arvicola sp. (vole), A. amphihttu (water-rat), Leput variabSit at 
timidtu (mountain bare), Qricetiu framentariva (liamstur), Attfoxvt Oli» 
(dormouse), and Scivmt vulgarii (squirrel). Dr. tod Hochstetter statas that 
beudes these seventeen epedes the cave contains remains of Bltp/mt prim*- 
jflinn (mammoth), Rhinocerot tichorkimu (woolly rhinoceros), Equutfomtii 
(borse), Bot prittm (aurochs), Cervue tarandwi (reindeer), C capreoiu* 
(roe-deer), C. nirycercui (P), Capra Tbrx (ibex), Vrma ipel/xiu (cave bear), 
Frits »pel<ra (cava tiou), and Hjitenn ijielr^a (cave hycena), so that twentj-- 
nine speciej of mammals are known from the cave. 

A comparison of these bones with those obttuncd from the caves of 
Thuringia leads to some interesting results. It is clear that the cave of 
Vijpustek was a den occupied for long periods, now by families of hyienaa, 
now by families of bears, and occasionally visited by cave lions, wolves, and 
h-nxes ; whilst its numerous eide-galleries, some of which probably opened 
directly into the outer air, harboured smaller beaats of prey, such 
poleoit, marten, and glutton. A few animals, indeed, may have been floated 
aa carGsases into the cave; but the greater part of the rei 
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either of nniuials ^hich iabftliited it dud died in it, or of eueh v n 
dragged in as prey bv these reaidenta. The whole fauna of the ca 
oBsentially it forest fauna, proving that in later diluvinl times ila ne^' 
hood was foreit-clad ; whilst the inve^tiiiation of the Thuringiau CBTei 
other deposits of the same period in North Oennanyshow equallj d 
that the whole of that country was then a naked steppe quite de8titalt< 
forests. Hence it would appear that the mountainous and hilly couobr 
southern Bohemia and Moravia was the starting point from wliii 
primeval forent spread over the grent diluvial steppe of Central Eonf 
north of the Alps.— (£. Akad. Wm. Wten, 23rd May, 1870.) 

An Anthropoid Ape in the S'owtfi'A*,— Mr. Lydekker s 
covery by Mr. Theobald of the upper jaw aud palate of a large anth 
ape in the Siw&liks of the Punjab. It beliin|j«d to a female aniTnal^ jod 
from the naall ueo of the canines, and indicate? a creature intennnUiU i 
site betwei>n the orong and the gorilhi. The molar; are of the o 
anthropoid type : but the premolars are much narrower tbnn in anv 
anthropoid ape, and indeed rclaiively narrower than even in man; 
small size of the laAt molnr and of the incisor are also points giving the ji 
a human character. The chimpanzee, of hving apes, comes neare«t ta 1 
foBMl. The specimen is of great interest aa being the first trace of the b 
anthropoid apes found in India, and from its resemblance txi the chimpu 
and gorilla, the great apes of Western AMca. — Pror. Aiiat. Sua, F 
December 1878. 

Thi Glaciatum of tie Sh/^land Mei.—Oa lilarch 26 Measn. Faadi M 
Home communicated to the Geological Society nn elaborate papwonl 
Shetland I^les, in which they deBcribed the different islands, roviewing 
succession the physical features, geological structure, the direction of gt 
elation, and the various superGciol deposits, From an examination of ll 
numerous striated surfaces, as well as Irom the distribution of Boulder 
and the dispersal of stones in that deposit, they inferred that during' ll 
period of extreme cold Shetland must have been glaciated by tlie ScMi 
navian Mer de Glace, crossing tha islands from the North Sea towards t 
Atlantic, In the island of Uist, blocks of serpeodne and gabbro are (btu 
in the bouldiir-clay on the western shores derived from the roclt-mlH 
occurring on the east side of the watershed. Moreover, on the nuunlai 
between Scalloway and Titful Head, blocks derived from tlie OId-Red-3MB 
■tone formation on the eastern sea-board ore abundant in the Boulder^ 
on the west side of the watershed. The relative distribution of these It 
in the sections on the west coast ia iu direct proportion to the relative i 
occupied by the rocks on the oast lude of ilie watershed. It was llkw. 
pointed nut that lifter the period of general glaciation Shetland nourished 
series of local glaciers which mdiftted from the high grounda, the dirccUoD 
theslrire boinfiat variance with the older Byslem, while the niorainicdcpod 
also difier in character from the Boulder-day produced by the great Her < 
Glace. 

The authors described the order of succession in 
formation in Shetland, and referred to the discovery of an abundant serie 
plant-remains in rocks which have hitherto been nsgnrded as forming par 
the series of aucient crystalline rocks. The plant-remtuns nru tdeutical « 
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'ftLoee found id the Old-Ited-SondsUiDe rocks in Caillmesfi, Ortmpy, and Shet- 
land, haai wtiich it vbb inftiired thnt the qiiartzitea uid abalea Id which the 
■e imbedded must be claued witli this formation. The nuthora also 
•described the ^at seriea of contemporiuieoue And ictriuive igneous rocka of 
Otd-Ked-Saodatooe age, adducing eridence in proof of the great denudation 
■vchich ba^ taken place in tlie membera of this formatjon in .Shetland. 

A Silurian Area near Cia^iff. — Mr. SoUaa described to the Geological 
Sodety, on April 0, the occurrence of unmistakable Silurian rocks about 
Xtbt'Qiney and PeD-y-laa, near Cardiff. The_v comprise beds belonging to the 
AV'eulock and Ludlow groups, and pass conformably upwards bto the Old 
!Xt«d Sandstone. The diidtrict affords a good base fur a measurement of the 
tJuckness of the Old Ktid Sandstone on tbe south of the South Wales coal- 
field. This was found to be a little over 4,000 feel, The thinning out of 
'tiieOld Red Sandetoue sad Silurian strata, together with the marked change 
'^ihlch takes place correspondingly in the lithological characters of the latter 
fcrmation on passing from tbe north to tlie south side of tbe coalfield were 
'token to indicate an approach to a shore-line. This shore-line belonged to 
land which, as shown by tbe great thickness of the Devonian beds, could not 
lave extended far south. It coireaponded to Mr. Etheridge's barrier between 
th'- Old Red Sandstone and Devonian seaa. Tbe sandstones with Old-Red 
characters, such as the Hangman Grit acid the Pickwell-down Sandstones, 
«ccurring tn the Devonian formation, were deposited at intervals when this 
"barrier was submerged to a greater depth than usual. The Comstones were 
■lated to thin out to the south along with the other sedimentary beds of the 
Old Bed Sandstone, and were regarded as derived from the denudation of 
previously upheaved limestoues, such as tbe lialn and Himant. The paper 
concluded with a description of the characters of tbe more interesting rocks 

I tnd (baails. 

Wtre Iehthyo*ma-$ VinpiirrnuT — Professor H. G. Seeley laid before the 
il Society at its last meeting tbe evidence which seemed to him to 
bow that certain species of Ickthyotaitiiu might possibly have produced 
g young. He described several specimens in which the remains nf one 
f more small individuals have been preserved within the body-cavity of 
One of these was described and figured in 1B32, by Jager ; a 
s of another was published in 1846 by Dr. Chaning-Pearce, who 
esled that it furnished eiidence in favour of the viviparity of tbe 
.iithyoeaurs. Other eiamples are preserved in museums in Germany, and 
loBe in Madrid, and most of Ibem have been examined by the author, who 
lldduices the state of preservation of the small individuals, in contrast with 
Vtbt of tbe traces of fish and C)^phalopoda, the remains of food, which are 
J the stomBchal region of the la^er bdividuals, in advance of tbe 
wition occupied by tbe smaller ones, as a proof that we have not here to 
do with a caae of cannibalism. The position of the smaller skeletons with 
t!i6 head generally turned towards the pelvic region of the larger ones is 
alsu regarded aa indicative of thor standing in the relation of parent and 
oflspring. As some of the young apeumens possess limbs it would seem 

ithat the suppomtiun that the Ichthyosaurus passed through a sort of tadpole 
■We IB erroneous. It muEt bu observed, however, that, as we are entitled 
ft priori to assume that the Ichthyosaurs, if they produced living young, were 
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merely oTo-viviparoun, after the faahioD of thoee reptileg of Uie ptcMstt^; 
vhoee ofiBpriag- are brought into the wcirSd alive nod free, the Iujb u»rij 
some, at least, of the youDg exaisples cit«d by Professor Sedey ia k^H 
reconcilable with the idea of their embryonic conditiuD. ]■ 

A New Ts/pe of rierodactyles. — At t!ie last lueeling of tlie Qeolc^fl 
Society ProfeuorSecleydeBcribed the characters presented by UieimfnaJifl 
of the skull of an Oroithosaur ia a slab of Stoneafield-al&te front EiMH 
□ear Stovr-on-the-Wold, the peculiaritiea of which are such as to indoetlfl 
to found for it a new genua, to wbii^b he thinlis it probable that moM,if M 
all, the known Stoneefield-alate Pterodactyles may belong. It a diatingiaAfl 
especially by the great length of the roof of the slruU posterior to the aHM 
by the presence of a -very deep conatrictjon of the frontal region batiM 
the orbits, by tbe strongly marked sutures between the bones, and by fli 
curiously crocodilian character of the plan of structure of tlie roof (^ 4i 
skull, which 8tig)rest8 the existence of a lower prade of Onutbosuda 
animals than has hitherto beeji suspected. The genus appears to beiSill 
to some forms of Rhamphorkynckta. The author names the specdai, irUi 
is in the Oxford Museum, Rhamphocephalta PrtrsttBiehi, and coBnden thit 1g 
other bones of Omithoeauria discovered in the StoneHfietd Slate sn^Crti) 
generic separation of the group. , 

N*ui Foml Cnutacea — On May 26, Dr. Henry Woodward mmniimifsri 
to the GeologicAl Society descriptions of four new Fossil Crustacea poesMJaf 
considerable interest. Three of them are regarded as Stomapods of Itl 
faintly Squitlidm, and one of these ia eapcciatly interestii^, if coRMtlf 
referred to that group, as carrying back the Squilliform Ornstacea in time D 
the middle Ooal-measures. The epeciraen was found by Mr, K. Wilsno, oT 
Nottingham, in a nodule of Clay -ironstone from CoraaJl, near lUcestaii ' 
Derbyshire, but is, unfortnnately, very imperfect, conBsting only of ths &■ 
posterior abdominal segments and the telson. Dr. Woodward uamM U 
NKroncilin Jt'iUtmi, and thinks it probable that it ia allied to the gtoV 
Dijilo^,f/liu, Halter, from the Ooal-meosures of the Joggina, Nova Scotia. 

A true SguUla was described under the name of SqiiiUn WtthenOi {ram 
speciiueu preserved iu a phosphatic nodule of the Ix>iidon Clny of TTighgi^ 
forming part of the late Mr. Wetherell'a collection. It is of tntaiHt ' 
its resemblance in characters to the exiadng apecies of the family, its 
ally beinir a recent Australian species, unnamed, but related to th 
known SquiUa Detmaratii. 

A second Squilia, this time from the Cretaceous depomts of the 
is also most nearly related to the Australian aperies abovs-mentianed, ite 
segments not being ornamented with spines and ridges sa i 
forma. The specimen occurs in a collection nukde by Profe^aor K. R. Lewi^ 
of Beirfit. consisting' chiefly of the remuns of ftsbes preserved in a conifMl 
cream-coloured limestone. It was named Sipiilla Lrvimi. In the Mii 
collection there was the most interesting of all the species deacribed by Dn 
Woodward on this occanon, namely, n fossil king crab (named tpy Ihs 
author Limulu* ggriaeui), well-preserved iu a slab of the same creatn-coUninJ 
limestone. From a palsEontological point of view the disc<)very of tliia no" 
king crab is very important, as it helps to bridge over the gap preriouli 
intervening between tbe Jurasric Limuti at Solenhofeu and tiioae of oc 
present teas. 
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Jjfattnadon in the Eimtnerulfft Clny. — Profeaaor Prestwich announces {Geo- 
fieal Magaant, May 1BT9) a most intoreatin); discoverj vliicli haa latelj 
len made »t Gutunor Huret, nenr Oxford. The workmen eu^a^ in the 
aickBeld there found, in digging, a quantity of bonea, which they brought 
b the Museum nt Oxfoid, and which, on being' cleaned, diaplnjed the 
characteriatic peculiarities of /yuonnAin. Many of the verlflhm) are entire; 
the jaw, although in fragmenta, containa ninny teeth in position ; and one of 
&e (eet, with the claw-jointe, is almost complete. The larger bones ore 
nearly all broken ; but many of then may probably he united, and it is b«- 
lieTed that the skeleton was nearly complete when found. Tbe animal is 
iftller than the Wealdea Igaanodon Mantdii, and may perhaps be a yonng' 
indjcidual of that species, but Professor Prestwicb is inclined to regard it ss 
a dietinct species, with smaller and more delicatelj formed bones. On risit- 
ing the spot, Professor Preatwich learned that the bonoa had been found In a 
«eam of yellow sandy clay two or tliree inches thick, at a depth of about 
four feet, and the clay above this seam contained perfectly charactenstio 
Kimmeridgo Clay shells, such as Exogyra virguia, Cardium ttriatulutn, 
Thraaadfpre»»n,mA Aminonitea bipkx, with lAma pectinifonnis and Serpidte, 
Tlcnce it would appear that Iguanodon, or Bome closely allied Dinosaur, waa 
Dot confined to tbe Lower Oretoceous and Wealdcn penods, but existed 
also during that of the Eimmeridge Olay, 



MINERALOGY. 

The. Praenef of Didgmium and Cerium in MineriiU. — Aa Horner hu 

shown the presence of these metala in different pyrotnorphites and echeetites 
by fdd of the spectroecope, so Cossa hna now recognized them in apatites, 
KbeeliteiS, osteolites, and coprolitea, not only by meaii^ of the spectroscope, 
but by separating them in tbe form of oxalates. He has also found the 
cerium metala in marble and in bones. Prom a kilt^anuue of Oarrara 
marhle two centigrammes of cerium oxalate were obtained. The mus- 
ehelkalk of Avellino ia found to contain still larger quantities of cerium 
compounds. A kilogramme of washed bone ashes, such as Is used for the 
fonnation of cupels, yielded three centigrammes of cerium oxalate. These 
observations go to show that the cerium metals are widely spread throughout 
nature, Cossa is at prcaent occupied witb an eimninatiou of natural 
phosphates and the ashes of plants. — (Ber. chem. OestU. xl. 1837.) 

Artificial Formation of Nephfiine and Leacile. — We some time since 
directed attention to the method employed by F. Fouqu^ and A. Michel 
Levy to form felspsi's artificially. By the eame method they have recently 
prepnted tbe minerals abore mentioned. Nepheline is formed when a mixture 
of silidc acid, alumina, and sodium carbonate, in such proportions that the oxy- 
gen of protoxide, sesqiuoxide and acid are as 1 : 3 : 4, are heated together ; 
ivhite nlk-lilte crystals are obtained which under the microscope are seen to 
W small hexagonal prisma (they are fl'I2 cnin. long, and 0'06 niin. broad), 
which accord in every respect with natural crystals of oepheline. If some- 
"^hat more silicic add be taken, like that corresponding to the proportion 
1 : 3 : 4J, a completely crystalline mass ia ohtaiood, which bears in its optical 
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chnrocters the same reeembUnce to beiagonal aepbelioe ae chalcedonj' 
(4) quartz. B; memng together one-tenth pyroxene and Dine-teittlie : 
a mixture of four dilleront minerals was obtuned ; nepheline, pale 
epioel, gnrtiet in brown-yellow octsbedra, and microlite. T^ucite wai il 
found in tbe fused product, fljid resembled botb in form and ojA 
characters the nfltural mineral. — (Conipf. rmd. luivii, 90].) 

T/ie Suppoted Native Iron of Oreenland. — The AcodemT of SoewM 
Fans appointed a commisBion to report on a paper by Dr. L. Smitli at t 
"Supposed Native Iron of Qreenland," and tbeir report baa recently bs 
presented by M. Daubrfe. It is pointed out that the bodies whidi M 
from beyond our atmosphere, and which are called meteorites, praent 
regards their mineralogical constitution a most striking' resemblaiice 
certain terrestrial rocks. The important fact that masses derived from bm 
widely separated regions of space should present such resemblanoe «i 
pointed out by Nordenskjold in 1870, when he discoTered large iinma 
native iron at (hifak, on the laland of Di^co. The first thought wUi 
suggested itfielf to him was that tbej were of meteoric ori)rin. In otia 
explain the fact that these masses were forced into the bnsall, he amaat 
that they bad fallen into it while it was still liquid. Tttany adopted U 
view, and among others Nauckhoff and Tschermak. Steenstrup, on die otk 
hand, after visiting the locality twice, cante to the conclusion tbat they m 
ransses of native iron, and that tbey bad the same terrestrial origin sail 
basalt itself. Not far from Ovifak in the Wnigalstra^se, Steenstrup fco 
evidence which supported bis theory: in the basalt of Igdlokungoak be I 
upon a large mass of nickeliferoua magnetic pyritea weighing about 38,000 
Idli^Tammes, and again in the basalt of Aussuk small gr^ns of natire iroa. 
The graphite associatad with this iiou pointed to the probability that (w 
bonaceous Bubatancea bad reduced thia metal ; moreover the rock en 
the native iron also contained some of the ferric hydrated rilicate 
has received the name of tuMngerite. With these opposing viewi, 
pkunlj set forth, Dr. L. Smith has gone over the whole question, and 
to the same coni^lusion as Steenstrup, that the masses of metal are of 
terrestrial origin. Tie finds that in the dolerite of Aussuk, ae well as ikai 
of Ovifak which it closely resembles, metallic iron is found enclosed b 
labradorite ; anortbite is likewise found in certain parts of the 
rock and oligoclaBe also. Iron has been obtained from seven locatllieii 
Greenland : from Sowallicke, Fiskenas, Niakornak, Oliick's Day, Jacoblhai 
Ovifak, and Aussuk. The irons of Sowallicke and Niakomnk are Ibtliid 
I>r. L. Smith to contain combined carbon just as the Ovifak iron di 
fact, he states that all specimens of iron obtained frum Greenland are 
in this respect, and differ &om meteoric iron which contains no ooml 
carbon; moreover these maases all contain cobalt in considerable 
in reladon to the nickel. Dr. Smith ne.it refers 
character of the area where the irons have beeu 
only in the Isaalt region, wUich extends troai 09° t 
under a large glacier. We shall probably never know how wide tbe 
is of this volcanic area whtcli stretches faraway north; that, however, wl 
has been seen represents an area equal to one extending from Gibnllv 
Brufit. We know that the rocks which present the greatest reeeniblanM' 
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Meteoric rocks belong to the lowest beda of the eArth. Soma an 
ttve rocks of bamc cbancter consbdng of anorthiu and Kogite, lika 
In Ibvbb from Iceland ; others &re oliriuous rocks, tike Iherxolile, to 
II the meteorites containing magaeob — those, iji fact, of the ordia&r; 
^belong. The presence of olivinoua rocks occump&Djing the pUtioum 
|ta Ural", wid the presence of nickel in the iron eombiaed with 
hnm, have coofirmed these retations, which Are of interest to both the 
%bt and the aatroaomer. tt was expected that among the aluminous 
■Bgnesian rocks some might be found in which iron should begin to 
I ita appetirance, and this gap has now been filled. In the Oreealand beda 
■ of lignite are found associated with the basalt, and this may have 
tiled the material which has reduced tho iron to the metallic state.— 
^. rend. IxxxriL Oil.) 

^i^fidd County Mineral*. — O. J. Brush and E. S. Dana bare published 
■cn^ paper on the minerals of Fairfield Oountr, Connecticut, in the 
(wncaa Journal of Science," May, 1879. In the prewnt paper the^ 
9ie B new mineral which thej name fairfiddiCe. It occurs in masdre 
■Diiie aggregates, rarelj in distinct crystals. It has a hardness 3-fi, and 
wofic gravitj 3'S5, a eubadamantine lustre, and is white or of a pala 
f;Goloiu'. The streak is white and the nibetance itaelf transparent. It 
fain small particles in fiUowite (described be;ond) and in masses of 
(IBM immediately associated with eoepborite, triplcidite, and dickinsonite. 
MTstals belong to the triclinic system. Tbo analyses closely accorded 
ttfie numbers : 

I Phosphoric acid 30-30 

I Iron protoxide OrOi 

\ Manganese protoxide .... 13*10 

i Lime 30-99 

> Water 0'97 

jl 100-00 

& correspond with the formula 3R0,P,0„Il,0, where II - Ca : Mn + Fa 
1, and the ratio of Mn r Fe is also 2j 1. FiUowite occurs in granular 
flUine masses which are not unfrequeatly penetrated by distinct pris- 
t crystals of triploidit«, and sometimes enclose particles of iairfieldite. 
Biigit« is very commonly associated with fiUowite, and in many cases it 
I easy to distinguish the two minerals. The hardness is 4'6, and the 
Po gravity 3'41-45. The lustre is subresioous to greasy ; the colour 

ri]y wax-yeUow, also yeUowish to reddish-brown, with a red or green 
and rarely almost colourless. The crystals have a marked rhombo- 
fl aspect ; the measurements, buwever, point to a monoclinic form, and 
this is the true explanation was proved by the subsequent optical 
nnation. The results of the analyses of this mineral nearly accord 
tiie numbers given below : 

Phosphoric acid ..... 40'19 

Iron protoxide 6'SO 

Manganese protoxide . . , ■ 40-19 

Lime 6-38 

Soda fi-84 

Water 1-70 

lOOlW 
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vhicb ore tbofie eorreapoading with the foimultk 3RjF,0, + GjH, if in tlut 
foiitiiil& B-Mn:Fe:Ca:Na = 0:l: 1:1. A amall amount of walwM 
met whli uvea in the mott traoBparent specimeiis. If the water wets Mt 
esEeotial, the compoNtiou of the mineral would be somewhat antlagoatt 
that of triphyliite, containing Bodium in place of lithium. 

A Titanifa-mu Oirytalite, — M. Daraour haa deaoribed a titanifHcm 
chryaolite from Zarmatt, Switzerland. {Ball. Sor. Mm. Fnmc., ii. 1&5 U 
has a red colour nmilar to that of almandine ^met, and the speofie 
gravitj 3-27. Annljsis ahowa it to coneist of eilidc acid 30'l4i IJUmB 
add 610; magneua 48'31; iron protoxide 0'8U; mansHnwe oxide Oli^; 
^d loss by ignition 2'33. Total = DO-SO. This gives almost «\»aiy ib 
required ratio 1 : 1 for bases to silicon. 
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isolation of t/ie Plane of Fotai-aation by Mectro-Maijneli 
MM. Kuiidt and Rontgen have communicated their reaulta on this auhjiet 
to Iho Munich Academy. They have proved the fact of aiu-h rotatiw, 
which Faraday l^ed in demonstrating, at least in the vapour of sulpladi 
of carbon. This eubatanco was chosen for experiment becsuae 
atrong electro-magnetic rotation in the liquid stale, and becaoae its npov 
ho9 great tecMion, even at moderate temperatures. An iron tube, closed U 
the ends by thick ^Xam plates, wo^ enclosed in an outer tin tube thKN|b 
which Bleam at 100° Cent, could be passed. The outer lube 
rounded by six large coils of wire, containing 400 turns of thick i 
through which a current from G4 large Bunsen elements was paasMl. Si^ 
phide of carbon vapour was heated as nbore described, and ftt the tiwiyi 
ture of boiling wat«r the vapour became transparent. A beani of 
light was passed through the tube, and analysed by Niool's prism. On tW 
current being sent, a distinct brightening of the field was observed, wUdi 
increased if, after rotating the prism afresh to darkness, the current «•• 
reversed. The rotation was in the direction of the podtive cnm>nl tbT<>n|fc 
the coiU, and amounted to about half a degree. Sulphuric eLh<^r simiUnlf 
treated gave no result. The authors of the paper are making apparaliu h 
means of which to esamine permanent gases and unsatnrated vapours, wiA 
the spt<cia1 view of ascertaining whether oxygen rotates the plane of poln^ 
■ation in the same direction as other gases. Monsieur E. Bichnt c«utri1iuB> 
ft memoir to the " Comptes Rendus " of the Academy, in which he 
that be has been following out a umilar series of experiments sines Jnlf 
1878, which give very different results from those noted above. lie pcnaS 
out that tht> iron tube used by the German phyadsts very mftterialif 
injures the completeness of the action. It is in reality a hollow «Iaatli> 
magnet ; whereas his tube being of brass allows the whole forra vf lit* 
current to expend itself on the contuned vapour. In illustratioa a! te 
difference, he passes a tube containing liquid bisulphide of enrbun timo^ 
the two poles of an electro-magnet, obtaining a rotation of 10" SO'; but OB 
using o single hollow core with the same current, no appreciable rutatka fe 
obtwned. If the iron tube be thin, the action is not entirely 
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—Id the instance he ^\e» ftom I? to 1°. Witii 

la hmi fUlowed from zero t« boiling^ point tlie rotAUon of the 

I Btilpliide of carbon and Uchloride of tin. Ths molecular 

tetory power is luaintuned ax long as the boiling point is not approached. 

Lt that moiDent there is a diminution mi.ich more rapid tban could have 

U foreseen from calculations based on tho rntioa of denuty. 

i Min-or Barotnetrr. — M. Leon Teaeerenc de Bort has ingeniously modi- 

n aneroid barometer bj substituting' for the train of (^look- 

k terminating in a pointer a mirror mounted ou a jewelled axis, which 

totaled hy the rise and fiJl of tho cihausted receiver, and its indications 

T by a small telcBcope by roflectiou from a. graduated ecalo. The 

tribility of the instrument is said to be much increased, and all errors due 

ft long ti'ain of wheelwurk are eliminatod. 

t of Electricity lya Colliding Water Drops. — Lord Rayleigh com- 
Mtes a paper to the Boyal Socie^ on this subject. It has been long 
n that electricity has great iniluence on tine jets of water ascending in 
Bariy vertical direction. In its normal state a jet resolves itself into 
drops, which even before passing the summit of the column, and still more 
after passing it, ore scattered to a considumble width. When a feebly elec- 
trified body is brought into the neighbourhoud of the jet, it undergoes a 
remarkable transformation, and appears to become coherent ; undvi' more 
powerful electrical action the scattering becomes more marked than at first. 
The latter action is due to mutual repulsion of the drops ; the former has 
keen hitherto unexplained. The cohesion seeoia to be more apparent than 
teal ; the seat of sensitiveness is at the place of resolution into drops : each 
drop carries away with it an electric charge, which can be collected in an 
insulated receiver. lie is able to show that tbu normal scattering in due to 
the rebound of the colliding drops ; sucli c.jUlaions lieing inevitable in con- 
sequence of the dilTerent velocities acquired by the drops under the action 
of capillary force, as they break away irregularly from the continuous 
portion of the jet. When the resiiiuiiou is regularized by the action of 
external vibrations, oa in Savart's aod I'lat^au's experiments, the drops must 
still come into contact aa they reach the summit of their parabolic path. 
Under moderate electrical iutliieuce, instead of rebounding after collision, 
they coalesce, and the jet is not scatlered. This behaviour of the drope 
becomes apparent under instantaneous illumination, such 03 that of an 
induction coil, into the secondary circuit of which a Leyden jar is intro- 
duced. To obtain further evidence two umilor jets were made to collide 
horizontally, one being in communication with tlie earth, the other supplied 
from an insulated cistern. The sensitive oesb to electricity was extraor- 
dinary. -A. piece of rubbed gutta-percha brought near the insulated bottle 
at once determined coalescence, It was also possible to cause the jets 
again to rebound from one another, and then to coalesce. 

Diodes statical electrici^-, the electro-motive force of a single Grove cell 
wa.9 sulhcient to produce the saute pheuomena, one pole being connected with 
the water, the other to earth. Even the discharge of a condenser charged 
by a angle Grove cell answered the purpose. The writer indicates in con- 
clusioQ the probable application to meteorology of the facts mentioned. 
,Ihe foimatioii of rain must obviously depend materially on the consequences 
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of eDcoustera betwMD cloud-pEirticteB. If the contacU result 
the drop» mast ra^odlj iDOrease in idze and be precipitated aa tain. We atj 
thos aclJcipato ao oxplanation of the remarkahle but hitherto mptenm 
coauection between rain and electrical manifestatiom. 

Influence of Pragure on Spectra. — Herr Oiamician has Contributed ei^ 
rimenta on thia subject to the Vienna Academy. The apectra of chloiiM, 
bromine, and iodine show the same peculiarities under increased premm: 
the bright lines becoming broader, but not spreading into bands, a contiiRiaai 
innmioated background appears which often oterpowera the lineo. '~ 
spectnuD of sulphur does not chan^ at all, neither does that of pfaosphona 
And arsenic. 

Metals bebsTe very differently. Here a real band-like extenaon 
spectral lines takes place, while the continuous light remains subdued. la 
the mercury spectrum the enlarj^ement of the green and violet linei ' 
specially noteworthy. In the sodium spectrum the enla^^gement is TOy 
conuderabte, but can only be obsen-ed with the leversed or dark D " 
Under high pressure sodium pivea a continuous background in the in 
diate neighbourhood of the D line upon which the reversed line appcaiL. 
The double line gradually merges into one, becoming wider until it iaHf 
covers the whole background. 

TTu InduHion Salance and Svnomeler. — Professor Hughes read S 
important paper on these remarkable instruments before the Royal Society 
or May 15. After noticing Arago's original discovery of the action o( 
rotating plates upon a magnetic needle, as well as Bsbbajre's, Heischen^ 
and Dove's experitnenls, be remarlied that in the microphone and t«lepliO« 
an instrument of extreme sensitiveness to niicute induced currents had b 
obtained, and already published by him. In continuing the inquiry, the ii 
occurred to him that he might again investigate the molecular ctnutruffliofl 
of metals and alloys ; and with this object Iins obtained, after 
comparative failures, a perfect induction httlance, which is not only «iqd> 
aitely sensitive and esacl, but allows us to obtain direct comparati' 
of the force or disturbances produced by tlie introduction of any metal' 
conductor. 

The instrument presented to the Royal Society consisted — Ist, of i 
induction-currents balance ; 2nd, microphone, with a clock as a Boum 
sound ', ^rd, electric sonometer, or absolute sound measurer; 4th, a Teceii 
telephone and three elements of Danielle' battery. 

In order to have a perfect indu-ction-currents balance suitable fin' 
research, all its coils, as well as the size and amount of wira^r 
equal. The primary and secondary coils should be separate, anAl' 
posed. The exterior diameter of the cojls li 6j centims., havingi 
vacant circular apace of 3j ccotims. ; the depth of the flat «»! 
Tmillims. 

Upon this box-wood apool are wound 100 metres of No. S3 ailk-e 
copper wire. Four of such coils, farmed into two pturs, are naed, i 
secondary coil being fixed permanently, or by means of an adjustaUs si" 
at a distance of fi millims. from its primary; on the second s' 
there is a fine micrometer screw, allowing the adjustment of the b 
the degree of perfection required. 



I Theee two pun of cails should be placed at s distance not less than I matre 
^ftom each other, so that nodisturliiDg' c&use should exkt from tbeii proximity. 
W The two prioiar; coiU are joined in aoriei to the battery, the circuit also 
HHsnng through the microphone. 

V Thp telephone is well adapted as an indicator, but not as a measurer of 

Bfte farces brouirht into action. For tbie reason he has joined to this instru- 

Hnent an instrument to which be had giren the name of electric unoiiteter. 

BBiis consists of three coils, »lnill<tr to those slreadj described, two of which 

Hire placed horizontallj at a fixed distance of 40 centima. apart, and the 

MninmaDication with the battery is so ftrnuged that there are similar hut 

■ oppoung poles in each coil; between theee there ia a coil, which can be 

Bnoved on a marked eliding scale divided into millimetrea, in a line with 

■tiiese two opposing primary coils ; the cenbe coil is the secondary one, aod 

Bnranected by roeans of a dicuit changing key with the telephone in place of 

■ihe induction balance. If this secondary coil ie near dther primary coil, we 

Hbear lond tones, due to its proximity. The same effect takes place if the 

B'MCondary coil is near the opposing coil, except that the induced current is 

B"iK)w in a contrary direction, as a similar pole of the primary acts now on 

U the opposite side of the induction coil ; the conBC<iuence ts, that as we with- 

I draw it from one coil approaching the other, we must pass a line of absolute 

KiMro, where no current whatever can be induced, owing to the absolute 

^«giial forces acting equally on both sides of the induction coil. This point is 

rm tfae exact centre between the two coils, no matter how near or distant 

they may be. We tbuH posses? a sonometer having an absolute zero of 

Mund ; each degree that it is moved is accompanied by its relative degree of 

iocreaee : and this measure may be expressed in the degrees of the millimetrea 

passed through, or by the sjuare of the distances in accordance with the 

curve of electro-magnetic action. 

If we place in the coils of the induction balance a piece of metal, say 
copper, bismuth, or iron, we at once produce a disturbance of the balance, 
and it will give nut sounds more or less intense on the telephone according 
to the mOBs, or if of similar sizes, according to the molecular structure of 
the metal. The volume and iatenxity of sound is invariably the same for a 
similar metal. If by means of t)ie switching key the telephone is instantly 
transferred to the sonometer, and if its coil be at zero, we should hear aouads 
when the key is up or in connection with the induction balance, and no 
sounds or silence when the key is down or in connection with the sonometai. 
If the sonometer coil were moved through several degrees, or through mora 
than the required amount, we should find that the sounds increase when the 
key is depressed ; but when the coil is moved to a degree where there is 
absolute equality with the key up or down, then the degree on scale should 
give the true value of the disturbance produced in the induction balance ; 
and this is so exact that if we put, say, a silver coin whose value is 116'^ 
other degree will produce equality. Once knowing, therefore, the valu 
any metal or alloy, it is not necessary to know in advance what the metal 
is, for ifiU equality is lie'.it is silvercoin; if 62, iron ; if 40, lead; iflO, 
tnamuth ; and as there is a very wide limit between each metal, the reading 
of the Talue of each is very rapid, a few seconds sufficing to give the exact 
Bound value of any metal or alloy. 
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The AiuUomftrr wm exhibited lij Dr. Bichsrdson at the meeting of tin 
Boyal Society on Maj 22. It conusts of two LeclanchS'i 
microphonic key connected with tbe ceUf, nnd with two fixed primtfj 
coilu ; and n itecoDd&rj or induction coU, the terminals of which 
ftttitched to a telephone. The induction coil moves on b. her between tbt 
two fixed coils, which is grsd-uated into 200 portd, by which Ht: 
leadings of Bound ore taken. The scale is divided into 20 centdmi., and t»A 
part is subdivided into 10, bo that hearinnr may be t«sted &om v 
The fixed coil on the right hand contains 6 metres of wire ; that 
hnnd contains 100 metres. The secondary ccol contains 100 mett 

In tising the instrument, the induction coil is moyed along the fvale fnv 
or towards the larcer primary as may be required, and the d^reee or onU 
of douud are read &om the scale, the sound bung produced by the moTemS 
of the microphonic key between tbe battery and the primary coils. 

As A rule, the hearing of right-handed persons is must refined in tlieiigft 
ear. The influence of atmospheric pressure is to be detected by tins inttra 
ment, the delicacy of hearing diminishing when the barDuietcr is low. Thi 
efiect of practice and of memory in distinguishing sounds hta also bM 
experimented on. 

Tht Sphijgtnophone.—U occurred to Dr. B, \V, Uiclmrdson, while expd 
menting with the audiometer, that he might get a secondary or td^bn 
sound from tbe movements of the pulse at the wrist. He effected tUiisi 
very simple manner, by adding n microphone to a Pond'i 
Ho momits on a slip of talc a thin plate of platiniun, and plsf ea the talc . 
in the epbygmograph aa if about to take a tracing of the pulse. He connacb 
one terminal from a Leclaochd's cell to the slip of platinum on tbe t^ nl 
the second terminal from the eel! to a terminal of tbe telephone. Tbnki 
connects tlie other terminal of the telephone with tbe metal rod of fl* 
sphygmograph which supports the tab. Tbe instrument is now retdj ttt 
nse, It is placed on the pulse in the ordinary way, and is adjusted, irith At 
writing needle thrown bock, until a good pulsadog movement of tha DC 
is secured. When the movement is in full action, the needle is thrown 
\fl touch the platinum plate, wbicb it, traverses with each pulse-mc 
and completes the connection between ttie telephone and the battery. 
needle, in passing over the metallic plate, causes a distinct series of mi 
from the telephone, which correspond with the movemouls of the p 
When all is nealJy adjusted, the sounds beard are three in number, one 
Bound and two short, corresponding to the systolic push, the arterial n 
and the valvular check. The soonda are singular, ns resembling the 
words " bother it." The sounds can be made very loud by iiii UMiailHj ill 
battery power. This little iastrument is not so good a recorder of the pnlM 
as the BphygQiograpb, but it may be mode very useful in 
ttatiug to a large number of students, at one time, the movementa of ill 
natural pulse, and the variations which ciccur in disease. 
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TAt Sreretion of the G/utrir Glands.- — Professor Heidenliftin aucceeded ia 

pknlilitr a considerable portion of tbe fundus of the stomach iii n dog- 

•n ita conneclioa with the rest of the org&u, and forming it into a, Uind 

t eommunicadDg with the exterior of the body. This enabled him to 

Dect tlie wcretioQ of the gastric glands uomixed with tlmt of the pyloric 

utds, and uDcontAminated by the saliva and other liquids whidi pass 

wn the eesophflguH, The socrotion is a clear, strongly acid liquid, con- 

auug an unexpectedly small amount of mucus, and an average of 0'4S per 

Bt. of solid matter, partly organic, partly inorganic, the former conasting 

linl; of pepeiue. The aTeiage acidity of the liquid is equivalent to 0'63 

r ceat. of hydrochloric acid, which is far higher than that of tbe mixed 

(Mtric juice, free from ealiva, examined by Bidder and Schmidt. Ricbet, 

m obeerrations on the juice of a man with a gastric fistula, found that 

ten fresh it contained only hydrochloric acid, -while when kept for a time 

derelopcd an organic add, probably saicolactic. No such acid was 

Krved to be produced in the Mcretion obt^ned from the do^. It waa 

ind that tbe introduction of nutritioua food into the atomach induced 

a*e secretion in from fifteen to thirty minutes, and tbia continued unljl 

9 stomBcb had completely emptied itself. But if indigestible substances 

se intriduced no secretion flowed from the sac for upwards of an hour, 

»ter was then giveu to tbe animal, and secretion commenced, but only 

ited an hour and a hnlf. From these and other experiments, Professor 

adenhain concludes that mechanical stimulation of the stomnch exdtea 

TClioii only at the point of contact ; general activity of the glandular 

pftntoe requiring absorption for its production. If the composidou of ths 

Teted liquid be examined nt regular intorvala during tbe digestive 

Keea, its acidity is found to remain pretty uniform, but the proportion of 

pane coutfuned in it undergoes a peculiar and orderly series of variations. 

During the second hour it sinks rapidly to a minimum; towards tbe fourth 

fir fifth hour it rises again to a point generally higher than at first, and 

'na at or near this point for a considerable time. These variationa are 

gnite independent of tbe amount of pepaine actually contained in the glands 

wluch is known to unk steadily. The secreting aurface can pour out a 

Equid very rich in pepwne at a time when ita poverty in thia substance is 

)Bl strongly marked, Ko definite conclusion con at preeent be arrived at 

M to the cause of this phenomenon. i^Pfiiiger's Archie., vol. xix. ; Academy, 

April ae, 1878.) 



ZOOLOGY. 

The Bovidtg. — M. A. Sanson has conununicaled to the French Academy 
of Sciences a note on the results of his researches upon the foaail or ancient 
lemuns of Bovidie and thdr relationships to existing forma, which are of 
«ODi>! interest. 

Ho finda that the Aurochs of Cuvier, So« urut of Bojanua, A pritcut, 
Allen, B. lati/ront, Harlan, and B, antiqum, Leidy, are oU Hsons which 



do not differ apeeificallf from the existicg B. aiiuricamit nnd B. 
Tliej are at the utmost Tftriadea of the ssmii species. 

Bot prirmgaiiui, BojaDUi, u still repKSitated by a numerous m 
•f which occupj the ground Intween the rmboach^irr* of the Ixnra 
Gironde, extending towards the aaulh-east as far as Mont Aubrac. ~ 
form M. Sanson gives the name oi Boi taurut ligtrientii. 

Bot trophiicrrat, Meyer, and B./ronlonu, Nilsson, beloug to & single i'peam, 
M. Sanson's S. (aunu juraaicui. This race, which Is constaatlj- «xl«ndii]g, 
at present inhabits the cantons of Berne and Fribourg in SnilserUnd, t^ 
Ln Bresse and the valley of the Saono, is spreading more and more into 
the districts of Lo Ni&vre, Cher, and Alliet in France, and ia also ^t^ 
seminated in Germany, Austria, and Italy. It is one of the types found in 
the Lake-dwellinga. 

Sot longi/ron*, Owen, is an ancient representative of the existing 
taurut baiavicu*. Its remains have never been found outride of the 
geographical area of the latter, included in the basin of the North S 
extending into Eogland, Holland, Belgium, and the north of France 
Germany. The craniologieal type of this race has most cloajly dafiixt 
characters, so that it is difficult to understand how it can ever hare b«t^ 
confounded with that of Bot primtgfniiu. 

Bot brachi/cerat, Riitimeyer, auryives in the Brauttvith of Smt 
named by M. Sanson Bot taurua alpimis, as it inhabits the re^on < 
Alps, where it baa formed numerous varieties. 

Sot brachyerpAalut, Wilckeu, rem^a of which are found in the ] 
Lidbach, is supposed by its describer to be derived from the Kurupean 
It is identified by him with a race existing in Tyrol, which was fa 
regarded as a hybrid of BotfroiUotiis and B. hrachyccrat. This is nj 
h^ M. Sanson as its most probablo origin. 

Siilphuret of Cnrbonfor KiUing IntecU.—Hr. J. M. Eder propoauth** 
of a sulphuret of carbon bottle for killing insects in place of the ejunbi 
potASfflum Lottie which is now so commonly employed. He deacrilwl H' 
particularly well adapted for beetles. The apparatus TecomnieDded ill 
wide-mouthed bottle, ivell-corked, containing a few fragmenta of blotlaf I 
paper. "When an insect ia captured and put into the bottle it is to l>e fc"' 
by three or four drops of sulphuret of carbon (a supply of -which 
carried in a small st ore-bo tllu), when the animal is almost iostant 
killed by the action of the vapour produced. The largest beetles dio 
few seconds. With careful corking after the introduction of 
the three or four drops of sulphuret of carbon will contintui t 
an hour or two, but as soon as the insects begin to die slowly, a fr^sh suj^ 
of the reagent must be added. The great advantage is that owing to tk 
rapidity with which sulphuret of carbon evaporates, the interior of ^ 
vessel is always perfectly dry, so that no insect, however delicate, can V 
injured by it. Solution of cyanide of potasmum is said to bodlower in » 
action, and b> have the disadTantage of introdndng moisture, and of ginf 
origin to carbonate of potash, a hygroscopic salt — {VerhandL Zaal.i' 
GftelUch. in Witn, \d7».) 

Sound* produced bij Fishet. — M. W. Siirensen, during a residence at Ik 
mouth of the Riocho do! Oro (Paraguay), hod the opportunity of 
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inft tlie mode in which certwn 6shM of the rivera iu that region, eBpecinIly 
Siluroids and OhurodDi, are enabled to emit Bounds. The organ implicated 
)□ this phenomenon is, according to him, the air-bladder, which is peculiarly 
modified. In the Siluroidf, the unossified part of the air-bladder L^ elastic 
throughout, whilst in the Ohamcini the elasticity chiefly depends upon 6at 
bands or round cords situated in the wall. In the Siluroid genataPlatj/i/oma 
and Pietidaroideg, the aiiyblndder is divided by a longitudinal partition and 
bv several tranarerse ones into a number nf cbamben which, however, Htill 
communicate with each other. In Dorai, it haa numerous appendages divided 
by imperfect wpla into a great many small cells. In all these fl.^hea the 
tiansverra processee of the two or three first vertebnn. and olten a part of 
the arch of the first vertebra, are bound together and to the hinder part of 
the skull by strong elastic membranes. The transverBe processes of the first 
or second vertebne, and sometimes of both, are formed into powerful springs 
utd closely boond to the (divbladder. Th^ sound ia produced by the action 
of niuscles inserted, either directly upon the air-bladder, or upon the trana- 
Terse process of the third vertebra. In the Oharacini, the elastic parts of the 
air-bladder are stretched lengthwise by the contraction of the muscles, and 
the vibration produced by this movement ia transmitted to the air contained 
in the cavity of the bladder. In the Siluroids the forepart of the air-bladder 
is drawn alternately forward and backward by the contraction and relaxa- 
tion of the muscles, and the air paasinfr hy the imperfect transverse par- 
titions Kets these in motion and causes the sounds. — (Complex rendia, 
May 19,1870,) 

TrichiHa in the Hij>popatamut.—M.. E. Hecliel announces the occurrence 
of lYuAinee in 'great abundance in a young hippopotamus received from 
Egypt, which lived for about four months in the Zoological Gardens at Mar- 
shes. The animal sufiered from skin di$«nse, taking the form of great 
suppurating boils, during the whole of its residence at Marseilles, On ex- 
amination these sores were found to have penetrated the skin, and to lead to 
great cysts filled with pus in the subcutaneous tissue. It was after the 
greater part of the flesh bad been thrown nway that M. Heckel detected the 
Trichina in the muscles surrounding one of the cysts which he had kept, 
ftnd he was unable to ascertain wliether the trichino^s and the external 
^fmptoms were in any way correlated. The discovery of the paraate in 
tluB great Pachyderm is of interest.^( Co'ii/rff* rmdut, June 2, 1873.) 

Metaninrphote$ vf the Slittrr-StMe». — The transformations of the common 
bUstar-beetlu, or so-called Spanish fly of the shops {Lytta veticatoria) have 
eluded the researches of entomologists, although the insect itself is exceed- 
ingly abundant on ashes and other treea in the south of Europe. The 
life-history of other species of the same family {Melae, Sitarit, Epicauta) has, 
bowever, been worked out, and entomologists will be glad to leam that M. 
XJchtenstein, guided by the results obtained in the investigation of those 
forms, has at last succeeded in solving tha problem and demonstrating that 
the stages through which the oflidnal blister-beetle passes are very similar 
to those presented by its nearest relatives. 

At the end of May, or the beginning of June, the females deposit their 
eggs in small excavations in the ground; the eggs are elongated, whitish, 
and transparent, and each female lays several hundred of them in a email 



FOPtL&R SClENCt: BliriBW. 

maaa. They hatch in a fortnight, and the Urn produced is, u in tbe cm 
of the other genera, a " TriungutinuB," * little, active, three-clawed eimtat% 
ori^nall; detected upon beea, and described as a ajyecial paiaait«, before in 
connection with these beetlea waa known. The TriungiUinus of the bliitai- 
beetle is dark brown, with a -white baad across the middle of its bod;; It! 
ejes are black and prominent, and its jaws very sharp, and it has two 1cdi| 
caudal bristles. M. laohtensteiu had some difficult; in pettiDg the Toonp 
animals to feed, but at last he tempted them with the stomachs of hone^ 
bees, and then gave tbem the e^:s and young larvts of various sped' 
hees. But he found that it was necessary to associate honey with 
aiiiiual food, otherwise they would not touch the latt«r, almast as if 
were instinctiTely aware that honey would be absolutely requirata tar 
sustenance ns soon as thay had undergone their first change of skin. WImK 
this condition is fulQlled, however, he fomid that they at once inserted the" 
jaws into the egg or larva before tbem, nod increased rapidly in size. In fil 
or SI days they changed iJieit skin, and gave origin to amall, white, sj 
footed larin, without caudal bristles, and with blunt jaws; these qmtui 
the animal food and devoted themselves to the honey. In five days men 
there was another change of skin ; after which the jaws were still broader and 
the eyes less marked ; and after the neit change, which took place five daj* 
later, the eyca had disappeared, the legs and jaws had beoime brown uA 
homy at the end, and the larva bad the appearance of a small grub of V 
Lwnellicom beetle. This form is called by Mt. Riley the " Si^nbR(Hd{ 
larva," and it was apparently fitted for burrowing. Accordingly the inssdt 
b this stage were tmnsfsrred to a tiew form of prison, in which lliey bad • 
sulBeiBnt quantity of damp earth in which to bury themselves, which Acf 
proceeded to do at once, making their way nearly to the bottom of the «*nk 
in their tubes, and resting in a small cavity close to the wall of the tube, 
thus enabling the author tu observe their subsequent proceedings. AAsr 
remiuuing here for another five days they underwent a fresh change, wi 
gave oiigin to a ptipa-lihe creature, having four little tubercles at the anUdv 
end, and three pairs of tubercles at the points where the legs bad bat 
stuated. In this state they remained motionless through tht' winter, but a 
April 16 they burst their envelope, and produced, not a perfect beetle, but 
white, grub-like creature, with mdimentary feet, and in other respects 
what resembling the larva which had burrowed down into the gronnd. i 
tliis condition the insect moved slowly in its cell, but ate nothizig, ontil 
about a fortnight, it again cast its skin and gave birth to a pupa, 
all the characters of those of beetles. At first white, the pupa 
became coloured ; on May 17 it wrs quite of a dark tint, and on the 19A^ 
the perfect beetle was seen in its retreat ready to emerge. Tlie dcvelopmMltf 
bad tlius occupied just a year. M. Lichtenstein believes that the bi 
bees, such ns the Halicti and Anititnir, are those at whose expeoM 
blister-beetle is nourished,— (Oinij>/as rmdiit. May 2G, I87P.) 

The Oatl-Aphidet of fhe Elm. — Dr. Kiley has ascert^ned that the natn 
history of the aphides which produce galls deforming thi- leaves of I 
common American Elm is exceedingly complicated. The species d«cril 
by him is ScJatonmra amaicana. During die winter, in the cracks in 1 
biffk of an elm, the leaves of which suflered much from the BttacJia of I 
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aphides the preceding sninmer, the ag^ may be fnimd, often still coverad tij 
the dried skin of the mother. The e)(gs ore of a dull-jellon cotour, and 
Kboat ^ inch long. Karlj in the Bpring- thenti cgga give Mrth to a little 
crawling iosect vhich proceeds to attack the joung tender IsaveB, on which 
it feeda, caumng the leaf to pucker until it at last curls into a protective 
shelter for the eo-called '' stem-mother." After three months the Intter 
bi^in to people the leaf with liviparoitsty prodaced young at the rate of 
ahout one every ux or seven hours. The second generation resemble their 
parent in many respects, but onee grow so large ; they accumulate in 
immenae numbers, and aome of them, crawling away, form new colonies on 
other leaves. They produce the third generation, which is destined to 
acquire wings, and the indinduals forming it, which are short-lived, deposit 
twelve or more " pseudova " at intervals of about half-an-hour. Tho young 
aphides, issuing from these, and constituting the fourth generatioD, are very 
active and move swiftly. They are of a brown colour, and ia general 
appearance somewhat like those of the second generation. In this stage 
they swarm over every part of the tree, aud their necesades often cause them 
to migrate, during which process great quantities of them are destroyed. 
Tlie fifth generatian is very similar t« the fourth, but without wings. The 
aphides of the nxtb generation all acquire wings. They abound io the latter 
end of June and the early part of July. They congregate on the bark, 
aeeking out sheltered cracks and crevices in which they deposit their young, 
Ibmiiug the seveoth generation, which are sluggish and of the colour of the 
bark, the females beiug a little larger than the males, They have no mouth, 
but live motionleas for a few days, during- which the female seems to increase 
in fflze by the enlargement of her single egg. Both sexes soon perish, leaving 
tu&ong their shrivelled bodies the shining, browninh winter-egg from which 
this series of generations started ; so that, as Dr. lUley says, after a long 
seiiea of vegetative (agamic) roproductions, at last the time comes for the 
renewing of the race by this zygoapore-like body. — (Joum. Ruy. Micr. Soc., 
June, 1879,) 

A Svppoted JVmd Order of CnMacea. — In the Februaiy number of the 
American ffatvriiiut, Dr. A. S. Packard, jun,, observes that the Niixdiadte, 
represented by the existing genus Nebslia, have generally been considered 
to form a family of the Phyllopod Crustacea; Metschnikoff, who studied the 
embryology of JVefiaiia, considering it to be a " Phyllopodiform Decapod." 
But besides the resemblance to tho Decapods there is alao a combination of 
Oopepod and Phyllopod chamcterirtics. The type, he points out, is an 
instance of a synthetic one, and is of high antiquity, having been ushered in 
doling the earliest Silurian period, when there were {if we regurd the 
relative size of most Crustacea, and e.^pccially of the living Ndmlicr) 
gigantic forms. Such was DitJiyrocaris, which must have been over a foot 
long, the cajapace being seven inches long. The modern Nebniia is small, 
aboDt half-an-inch in length, with tho body compressed, the carapace 
bivalved, as in Limnndia, one of the genuine PhyUopods. There ia a large 
rostrum overhanging the bead; stalked eyes, and besides two pairs of 
antennie and mouth-parta, eight pairs of leaf-like, short, respiratciry feet, 
winch are succeeded by swimming feet. There is no metamorphosis, 
development being dirfict. 




t SCtEXCB KKTIKW. 

Of ih» toml fotne, Hj/mtmarm ii wu rc^wded bj Salter as " 
pnenliaed type.* Tlte geiM>k Altocvii and Ditcatoca^ chancteriw tl 
lower Sliniaa poiod, C^^iaearm of the upper, Dietjfoemi Uib i 
SilnriiTi and llie Icnraat Deroiiiui rtnta, J)iti]/TMarii and ./Ir^m ibl 
Oarbooifemiu penod. Onr mwmtng nortlt«aeteni specUs ia JVabafta & 
(Fair.), which ocean bon MaiBe to Oieenlaiid. 

He N(Aaliadi were tba lomnumeiB of tlie Decapoda, and fonn, Or. 
Fadowd believea, tlie type at a distiDct order of Crustacea, for which it 
propoaea the name of Fh^locMids. 

A Siymeitti Orym im Uu End^reet Sryteoa.—ht the Cbit^d Rendui J 
Febmaiy 24, 1869, M. L, Joliet Iniiigt forward evidence in support of 
oheeiTBtioiis of Hatichek, who, in October 1^77, indicated in FtiUalliiu 
tcUnata, both in the larval and adolt Etate, a vibratile canal, of wbicli, 
boweTer, he did not appear to have well made out the form, and which h« 
compared to tbeTitvatileorgwuof the Rotatoria. M. Joliet states that bell 
now in a poatioo to confinn, correct, and cooiplete the statemeiitt nf 
Hatachek, and to extend them to the whole groap of Endoproct BrjoioH. 

In a ^Hnelese vanetr of PedicrHiiui ecMxtfa which he exonuned, thi 
nhratile organ wae double, and situated in the cavity of the body, a lib* 
^ace incloded between the oe«ophagii9, the stomach, and the matrix, 
condated of a ihort tube, ciliated internally, inflated at ita middle, wludit 
on the one hand, opened into the matrix, not far from ite eitaml 
aperture, and, on the other, opened obliquely into the cavity of the bod; bj 
a slightly funnel-ahaped passage furnished with active ribiatile cilia. Tbk 
organ, furnished with a ribratila panlitm, and pladng the cavity oftbi 
body in communication with the outer world, bad all the chaiactera of a 
eetnnental organ. It appears very eerly in Ihe bud ; and when the etomul 
is only sketched out, and before the arms are indicated, a ciliary movemeot 
is ahready perceptible at the place tliat it will occupy. 

In a still undescribed epeciea of PfdkfUtna from the island of St. Ptoi^ 
M. Joliet has also detected the same ribntile orf;aii ; and stiU later, in t) 
Loxototita of Phiuetiiaoma, he reci^Tiiied a perfectly Nmilar canal, ta 
mi na ted by a pavilion and placed intheaame situation. - — - 

it appears very early in the hud. 

M. Joliet therefore concludes that in the group Kndoprocta, including tht 
highest forma of the Bryoioa, the presence of a segmental organ (that ia M 
aay, an organ which is Tery genently diflused among the Vermes) may li 
regarded aa constant ; and conadeiring the endeavours that have b 
of late years to approximate the Bryoion to the Annulata, he thought it a 
adrantnge to bring this new argument into the debate, aa poaaeenig t 
derable value. 
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ON JADE AND KINDRED STONES. 
Bt F. W. nUDLER, F.G.S. 

[PLATE VJII.] 



SCIENCE is unquestionably the arch-foe to superstition: yet 
superstition, it must be conceded, has unwittingly rendered 
an occasional service to the cause of science. How ill, for 
inatance, might it have fared to-day with the student of pre- 
historic archeology if our ancestors had been free from any 
auperHtitiouB regard for those implements of stone — unknown 
alike in origin and use — which they occasionally brought to 
light with help of spade and plough I As long as the flint 
arrow-head was regarded as a " fairy dart," or the stone axe as 
a "thunderbolt," it stood in little danger of being heedlessly 
destroyed. Shielded by the supernatural origin to widch it was 
referred, the relic may have been piously preserved, generation 
after generation, until in these latter days it has come to grace 
the cabinet of an arehseologist. The time of real danger was 
not when there was too much superstition abroad, but when 
there was too little superstition, yet not suEGcient science — 
when men had ceased to value a stone implement as talisman, 
or amulet, or charm, but were not sufficiently enlightened to 
recognise its true meaning and to value it on scientific groundK. 
Much of the esteem which the ancients set upon precioiw 
stones was due, in like manner, to the superstitiona by which 
such minerals were liberally surrounded. No doubt the properties 
which we prize at the present day — such as colour, brilliancy, 
and hardness— were equally prized in the remotest times at 
vhicb precious stones were used ; but above and beyond these 
Lous characters, overarching all these physical properties, 
■e was the higher value derived from their metaphysical 
irtues. Some of these virtues were of a purely spiritual 
character, such as the power attributed to so many gems of 
dispelling vicious propensities and of inspiring purity of life in 
the owner. Others, however, were of less subtle natui-e, and 
were in fact medicinal rather than metaphysical. 
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In order to cure disease, it was in most cases considered 
licieot to simply wear the stone, when its sympathy wi(ii 
affected part brought its curative power into play. Bat in oUw 
cases recourse was had to the grosi^er method of internally tA- 
ministering the powdered gem. These superstitions naturaD; 
led men to seek eagerly for stones so marvellously endo*e4 
and thus oiu knowledge of such minerals and of their modeirf 
occurrence became widened. Stones which were reputed u 
possess therapeutic- virtue were carefully pr^erved and studied 
in their minutest details. \\'ho indeed would not ililigeDtl; 
seek and fondly cherish an object which was at once a p«§0Bil 
ornament and a specific against disease ? 

It is curious to note how wide-spread are the superstjtioDi 
which have clustered around stones of a. green colour. Bdiff 
in their efBcacy has been held by the peoples of the New World 
not less than by those of the Old ; they are mentioned in tix 
most ancient works on such subjects; their virtues are eitotleJ 
by mediaeval writers ; and, indeed, it may be doubted whetber 
the superstitions have yet died out. To take the emerald alow, 
a catalogue of its reputed virtues would run to inconvenieiil 
length. Soon after the discovery of America, the SpaniaiA 
brought to Europe some curious green stones which were bcU 
to be singularly efficacious in their medicinal properties. Froi 
the fact that the mineral was a specitic for diseases of tJ 
kidneys, it was termed by the Sf>aniards Piedra dl hijada, 
" stone of the loins,"' By those who were ignorant of Spa 
the term was naturally corrupted ; and it needs no philoli 
aid to see how kijada or ijada might gradually become tn 
formed jnto jade. The stone was also known as Piedra 
n!io7iea, or "stone of the kidneys," whence arose the term La 
nephriticus, or Pierre Ti^kriUqup, and finally the minetalogj 
designation iiepkrilr, from ve^pos, kidney. 

It appears that the earliest recorded reference to this 
stone as Pied/ra de hijada, occurs in the work of a S^ 
doctor, Nicolas Monardes, published in 1565.* In this work 
gives an account of the medicinal products of the West IniJ' 
The materia Ttiedica of a mediieval doctor included some ex 
ordinary drugs, and the Spanish physician gives us a chaj 
De la Piedra de Sangre y de la Piedra de la Vjada, in 
words, of the " bloodstone " and of the jade. Of the latter 1 
says that the deepest green kind is the most prized, and that 
is worked into various forma by the Indians, who wear the objeo 
as amulets against diseases of the loins and of the stomad 
So strong is the antagonism between the stone and tJie dii 

lalndiasi 



that, by merely wearing a bracelet of jade, the fortunate possessor 
19 kept free from any attack of such malady. 

AmoDg the many novelties which Sir Walter Ealeigh intro- 
duced into this country, mention should be made of the jade- 
Btone. Such at least is the testimony of Sir Hans Sloane, who 
refers to him when speaking of the hard green atone found as 
pebbles upon the shores of Jamaica. "This," says the naturalist, 
"is the piedra hijada of the Spaniards, and Pierre de Jade 
of the French authors, who magnify the virtues of it so as to 
make them incredible ; nay, Mr. Labart, a French late author, 
would make ua believe it cures epileptic fits. Sir Walter Haleigb 
first brought some of them to England, giving vast encomiums 
of them." • 

Sir Hans Sloane des^cribes this jade under the name of Spleen- 
atone or Jasper mridie. So close, indeed, is its resemblance to 
some kinds of green jasper that it was generally described by 
early authors under that name. For this reason, among others, 
there is considerable obscurity in the references of the older 
writers upon precious stones, and it is in many cases impossible 
to determine whether they mean jade, jasper, or some other 
dark green mineral. Those who care to thread their way through 
the maze of ancient and mediievai writers will find an able and 
sympathetic guide in Professor Fischer, of Freiburg-im-Badeu, 
who, attacking the subject wJtli Teutonic perseverance, has 
produced au eshaiistive monograph on jade.f 

From Nova Hispania the Spanish conquerors obtained some 
valuable green stones, among which jade was probably included. 
Curiously enough no jade is now known to occur in Mexico or 
in Central America, or indeed, anywhere on the American con- 
tinent. Yet it seems beyond doubt that the mineral was em- 
ployed in ancient Aztec art, and it appears to have been one of 
the stones to which the t«rm chahhihuitl was applied. 

The chalchihuitl is a stone which the old Spanish chroniclers 
are never tired of extolling. When Cortez landed at San Juan 
de Ulua, the first messengers sent by Mbntezuma brought with 
them " four chalchihuitl s, a syjecies of green stone of uncommon 
value, which is held in higher estimation with them than the 
smaragdus." So writes the chronicler Bernal Diaz, as translated 
by Lockhart. As a matter of course, supernatural powers were 
attributed to the stone; and indeed there is a legend which 
asserts that Quetzacoatl, the great lawgiver and high-priest of 
the ancient Mexicans, was begotten by a chalchihuitl placed In 
the bosom of the goddess Chimalma. 

* "The Natural History of Jamaica," vol. ii. 1726, pp, 338, 330. 

t " Nepbrit uad Jadeit, uach ihren mineralogischen EtgeDscbaf^en »owie 
nach ihrei urgeBcbichtlicheu uud eihnogTapblechen Bedeutang." Sluttgu^ 
1875. 
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And what, aft-er all, waa this extraordinary stone — bo h 
drously endowed and ho highly prized? This is a questig 
which, in spite of ail that has been written on the subject, b 
not yet, and perhaps never will be, answered with scieatifi 
accuracy. Some have described the chalchihuitl as a coi 
emerald, othera as a turquoise, others again as a jasper, : 
some finally as jade. Probably the term comprised a numbi 
of distinct minerals, having in common a green or greenisb^blii 
coloiu*, and including the jade-stone. Such at' least geena t 
be the opinion of Mr. E. G. Squier, whose regearchee 1 
thrown so much light upou American archaeology.* That jade,- 
or some kindred stone, was used by the ancient Mexicans sc 
certain from the specimens which have come down to us, 
Pumpelly, an American geologist, after describing a jade-Iiktf 
mineral from China, to which the name of jadeite is now giveo 
goes on to say; "The chalchihuitl, a precious stone of th 
ancient Mexicans, as I have seen it in a mask preserved ti 
the Museum of Practical Geology in London, and in seven 
ornaments in the collection of Mr. Squier of New York, i 
apparently the same mineral." f The mask to which SI 
Pumpelly refers is figured ia Plate VIII. lig. I. 

Since we are not aware that any jade, or jade-Uke minm 
occurs in Mexico, or as said before throughout America, i 
becomes an extremely interestiog question to enquire whem 
the ancient inhabitants of Anahuac obtained their supply of tl 
precious miueral. Did they procure it from the old world 
If so, here is another link in tlie chain of evidence which poinl 
to early intercourse, at any rate to pre-Columbian communio 
tion, between the eastern and the western hemispheres. H 
home of the jade, bo far as we know, is in the east rather tla 
in the west ; and the country in which it seems to have b 
longest used and most highly venerated is China. 

By the Chinese, jade is generally known as y«; but it hi 
been said that this is a generic name for a number of 
mental stones. Sometimes the word cki (or stone) is attae 
and the jade is then referred to as yii-chi. Remusat, wha 
History of Khotan was published in 1820,} discussi^i" 
great erudition the meaning of the word, and refers it to 
very high antiquity. In the province of Yunnan, a particoh 
kindof jade, tobe hereafter noticed, is known as/ei-tsiti; w^ 
in Turkestan the jade-stone is called t/asclim, a word which k 



* " Observntioiifi on th"; Ohalchihuitl of Moiico and Oeatnl 
By E. a. Squier, M.\. Nbw York, imX 

t "Osolugieal ResearchiiS in Oliiiia,' etc. Smitbuman ConDibotua^ 
1860, p. 118. 

t " Iii«l«ire de U Ville do ICbotiui, tirSe iv» .InnaleB it la OliiH 4 
triuluite du Chioois,' 
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found in the form of yeschl, and is said to be cognate with 
lUTTie, and therefore with our jaspfir. It has akeadj been seen 
lat jade was formerly regarded as a green jasper. 
Jade is a stone of singular tenacity, breakiiig with difficulty 
nd displaying a coarse splintery fracture. Notwithstanding 
le difficulty of cutting and polishing the stone, it has for ages 
Ben worked by the Chinese into a great variety of objecte, 
ich as vases*, cups, armlets, bracelets, and other ornamental 
rticlee, often of most intricate patterns. These objects have 
Iways been very highly valued, on account not only of the 
enntj and rarity of the material, but also of the great 
oaount of labour necessarily expended upon their production. 
Is has led to numerous imitations of the Chinese yu-stone in 
IS or enamel known as pate de Hz. 
It is said that when a piece of yu-stone of unusual size ia 
vered, the Emperor calls a council of artists to determine 
form in which it may be most advantageously worked. On 
any important carving in jade the artist will spend at least 
■twenty years, and in some cases his entire lifetime. When 
eompleted, the work is exposed to public criticism for a year, 
snd if then pronounced satisfactory, the artist receives high 
honour and may be raised to the rank of a mandarin ; but if 
the work is faulty he loses not only his reputation but hie 
bead* 

Probably the finest assemblage of objects ever made in yu, or 
Oriental jade, was the collection found at the Emperor of China's 
Summer I'alace, Yuen-min-Yuen, at Pekin, when sacked in 
IS60. From this source a large number of specimens found 
their way to this coimtry and to France. Some remarkable 
axamples of jade-working may be seen in the S:>uth Kensington 
Uoseum, where there are two cases of fine carvings lent by 
Arthur WelU, Esq., of Nottingham. The colour of Oriental 
jade varies through a great variety of shades of green, but the 
■tone is frequently of a milky white colour, very slightly tinged 
irith a greeoish yellow. While the white jade is generally uni- 
form in tint, much of the green jade is mottled, or flecked with 
darker spots. 

Among the more notable objects which the Chinese are fond 
of carving in yu-stone is the peculiar staff or wand of aiithority 
known as the joo-ee. One of these batons is represented in 
PI. VIII, fig. 2. A joo-ee generally takes the form of a graceful 
double cun'e, something like the letter a: , but with less pro- 
nounced cmTature, and more like Hogarth's famous " line of 
beauty." It is only the finest of the joo-ees that are made of 

* "Catalogue of CaptaiD De Negroni'tj CoHectiuD of Chinese Purcelain, 
Jade," etc. 1865. 
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jade, others being carved in wood or in rock-crystal or even work( 
in metal. Tliis instrument was formerly given by the Emperor 
princes of state or to governors on taking offioial appointmea 
and was carried by them as an emblem of authority. It is n 
exchanged as a mark of friendship or espressioD of good* 
The name signifies "Aa you wish," being a contractian 
SzC'Sze-joo-ee, or "everything according to your wish." T 
expanded end of a joo-ee generally bears a carving of the sacn 
lotus.* 

Although jade is so highly prized in China, very little sea 
to be known about its occurrence in that Empire. It is ai 
however, that Chinese works on geography give a. number 
localities which have yielded the stone ; and Mr. Pumpelly, whc 
work baa previously been cited, describes the occuirence of 
jade-like mineral^the jadeite ol' mineralogists — in the mooh 
tains of Southern Yunnan : the mineral is known locally sa/m 
taui, and is " perhaps the most prized of all stones among tl 
Chinese." 

Whatever jade may be got in China itself, it is certain tl 
the Chinese have relied for generations upon the quarries 
Khotan for a large proportion of their raw material. As' 
back as 200 B.C., under the Han dynasty, the yu was regard 
as the most costly production of Khotan. Marco Polo, wl 
visited the country in the 13th century, refers to the occmnJHM 
of jasper and other ornamental stones between Yarkand UMJ^ 
Khotan, whence he says they were imported into China. 

Little, however, was known about the occurrence of jadsi 
Turkeatan until a few years ago. when the locality was visi" 
by the brothers Schlagintweit — Hermann, Robert, and Adolpl 
The quarries were afterwards described by the late Dr. Stolia " 
of the Geological Survey of India,^ and by Dr. Cayley.§ 
are now therefore in possession of accurate details as to 
workings in this district — a district which has supplied 
Chinese with more or less of their jade for the last two thoua 
years. 

The old jade quarries are situated on the banks of 
Karakash River, which flows down the southern slope of 

* " CBtolngue of the Chiaeae Oollectioti at Hyde Park Coner." 
W. B. Langdon. 18M. 

t " Ueber Nephrit nebst Jadeh und Saiisaurit in Kiinliin-Oebirge.'' 
llermaan vmi SchlBgiiitweit-SnkiiiitiinBki. SitzuDgaberichte d«r K. I 
Akttd. d. Wiflsflnach. Munich, 1873, pp. 227-267. 

I " On the occurrence of Jade in Ihe Kivrnkash Vallej.* " Quart. Jc 
Gaol. Soc.," vol. SXK. 1874, p. 568. "Rec. Geol. Surv. India," voL 
p. 61 ; and " ScienliBc Reeults of the Second Yarkand Misiion," IWTS, p. 

{ '-Tha Jftde Quarries of the Kuenlun " : " MttomiUan'a Mag." toL 
I lB71,p. 462, 
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ASSOCiatioQ ^rSiL x — cut jsiiaer -r T'jnirr An*-:—, rr u- 
quarrie^ bnt 2k«l cwir^^tsL xr -fnir- T=tiir. Tir- v.:r jc^-n^ 
in nestf az>d Tflntw ji jnieasvte aiii -t^nisidt t^scs. l\i'?r r r 
is of paie •Q':lu:iuc. tnmit itaorr ¥?iirt*: irii^nr r^»-=a .atifc- 3«2iiC 
comparatiTTsJT net- 2i Jt jin=*ft»iEU£ "d ^■^mi Tf-m S.u*-a— 
gintweii ii»z 'whsl "at*- tiiti ■»■>?» j^ -tp^sh.'^ nrr-rii-n orci ~a^ :• cs. 
aod while v« ij:u2iue Tut -*■ nrni — ¥r»&»n' x i •■ -ir t- tj j- 
readilv icnz^Lhssii v31l l r-f^wt sjonr^ i»ir ii-c x r^unuLL" jarat!i> 
on expo^orc: \r> luitt mxiifeojies^ Tjjt liimntr:*' »r . rrrtini*. aiLr 
18 about eq^sLl v tiib: ic deiifnar- uul "-it* ii^£njh== x. /iUHtL":. 

though sHgrrr.-T ?•■£■? i*^ an»»T?»r *iSL:?*ftIs IlilT r niiirci. 

After tLe €x^iLjfii:iL ir "lift " 'imt> ^»t> -irini TL.":iiLnL fr"*:!! 
years agc», ih-t c "uiza** 21 "Uit Ilizi-cirii "ultr^ ws^ iirs-^r-L. ia«: 
are now the refLPsar :c "liit "iciif uxi: iix. m.iii'.s:€i r^miLri:* ": Jiic 
if the qaanies frill 2»smL3. inriticx't?:* r "lik ^tfiaijt :c rir-i-rscki 
are too apaij^m^ v.- -jixtzrj \a^ trL-.tiit lOii *iz%:tr. l" "j Jlu:z.i- 
the supply to tie 'CeirisivdEL ar**!:* ▼"_! ir.«:a-:LT ■:»*o 
and OrieDtal vt^aesi li ^uo* 'vi- i':TL-*:_ura'.^7 :•?!?;• 
valuable. 

Pebbles of jaidr rnkj te f.r::^! ±l Hitz-j :•: iirf ?::rflL=L5 tfL.:>. 
come down from tL* K">Klaec. rK:;2":- i^i -" ^^^^ -Itfrrf.c^ :•: 
concluded that ti«e zidzitrtl is z€»errr-»--iTlT i>-Lr.:.j::e.i :lr -u^- 
out this district. A»-jriii-g Vj Siili^":'^^:: :: i> -•: ::ur:.: v.'. 
the Himalavus or in ii.T lan :: Ii.iia ^-mter. NevtTthrlt'>c> 
jade, both in a raw ciawe aiii carrei :i.io on^A'^ier.TJL. or^uvTs. :> 
well known in India. Son^e reniarkible ?pecin:eii> o: jade f:\^:r. 
India, enriched with settings of brilliant ly-ov-^loun^i >:one>. wt :v 
in the collection of the late Colonel Guthrie, and aro now 
exhibited in the India Museum. It is difficult to t^aui tlu^ 
precise source of the Indian-worked jade, the natives haviwjj 
merely a vag^e idea that it comes from a jjrt*at distanoe. It 
appears certain, however, that jade or jadeite o^*ours in Huru\ah. 
None of the jade frx>m Turkestan, it may be olvik^rvoiU lan U* 
referred to the species jadeite. 

While referring to the occurrence of jade in Asia, nioutitui 
should be made of the Siberian nephrite, which was Jirst intrt»- 
duced to the western world at the International Kxhibi(i«ni «»!' 
1862. M. Alibert, who brought from Irkutsk siioh wondei I'lil 
examples of graphite for the use of our lead-pencil niakerrt, iiIm** 
brought some beautiful specimens of dark green jade. Tlif 
mineral occurs in the form of boulders, enil)e<l(le(l in a HUiuly 
soU, but is by no means common. The speciincnH liroiiKlil l»> 
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Alibert were found in the Toonka range of the Sayan chain, ii 
the Government of Irkutsk. There seems no reason why thil 
beautiful mineral should not find it^ way from Eastern Sib«n 
to the jade-loving Chinese. 

While America has given to us, through its Spanish in\'a<]«iv 
the word "jade," and Asia has furnished us with the finest et- 
amples of the stone worked into ornamental forms, we n 
turn to the islands of the Pacific Ocean for some of the a 
interesting applications of this material. \Mien New Zealud 
was discovered, the natives were in the habit uf using iiD{d» 
ments beautifully worked in a dark green stone, which they 
called in the Maori language, punaTnu, signifying " fjreen-etuM." 
So characteristic is the occurrence of this valuable mateiid 
along the western coast of the South Island that the DStin* 
have given to this district the name of Te Wahl Punamu, or 
" Place of the trreen-stone " — an expression which has been cw 
rupted by some writers on mineralogy until it appears in one 
treatise under the curious guise of " Tawai I'anoma I '' Xo 
doubt the name " punamu " is not used by the Maoriea wUh 
mineralogical precision, but includes a number of diflerait 
minerals, and perhaps even rocks, all characterized by a mm 
or less decided green colour, of which the most highly-priied a 
the true jade. This mineral occiu's as pebbles, partly in the 
beds of rivers and partly along the sea-shore, and ie alao found 
iu aitv,. By expenditure of prodigious labour, the natives vodc 
the intractable stone into axes and adzes, and especially into 
that peculiar weapon known as the mere or pattoo-^attoo (PL 
Vlir. fig. 3). This is a short, flat, leaf-shaped hand-club, which 
is held by a thong passing through a hole in the handle, and 
securely bound round the wrist. It is only the great Maoii 
chieftains who possess jade meres, the commoner forms of thil 
weapon being made of less valued stones, and even of wood and 
bone. The jade meres are handed down from generatJon to 
generation as precious heirlooms, and are prized with supe^ 
stitious veneration. Some excellent specimens of the mere 
may be seen in the Ethnographical Gallery in the British 
Museum, where some of the jade weapons show the effect of 
the intense heat to which they were exposed during the fire at the 
Government House in Auckland. Fig. 4, PI. VIII., represent! 
a singularly fine mere of jade seen by Hochatetter, the geologist 
on the exploring ship " Novara," in the possession of the mighty 
Maori chief, Te Heuhpu." General Lane Fox has called atten- 
tion to the fact that the mere is used for prodding the enemy 
with its sharp end, and not for striking a blow, as with an 
ordinary club, since the latter act would endanger the weapon. 
Jade, it is true, is an uncommonly tough material ; but it if 
'■ New Zealand," By Dr. F. von Hochstettt-r. Stutlgart, 1867, p. 309. ' 
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t every pattoo-pattoo which is made of bo resistant a material, 

I tho^e of more fragile stone might easily get shivered in a 

fiay." 

Another favourite mode of applying jade in New Zealand is 
to carve it into the curious ornament or amulet, known as H&L 
Tiki, Thia ornament, which ie worn upon the breasts by Maori 
chieftains, presents the form of a grotesque human figure, gene- 
rally having its huge eyes inlaid with the iridescent shell of 
JIaliottB, and sometimes of late years with sealing-was, the red 
-wax contrasting strongly with the green-stone. Fig. 5, PI. VIII. 
represents one of these figures. Krom the fact that the lower 
edge of the tiki is always sharp. General Lane Fox infers that il 
may have been derived from the type of the celt. 

Jade is likewise a favourite material with the natives of New 
Caledonia, who find it in their island, and fashion it into various 
Icinds of axe-heads. It also occurs in some of the other islands 
of the Pacific Ocean. 

No jade has ever been recorded from Africa, and it is ex- 
tremely doubtful whether it occurs in Europe. It is said to 
have Iwen found in the form of boulders lit Potsdam near Berlin, 
and at Schwemsal near I^ipzig. It remains, however, uncer- 
tain whence the mineral was originally derived, and whether it 
bad been transported by natural or by human agency. In the 
Great Exhibition of 1851 there was a large maae of pale green 
jade, reputed to have come from Turkey ; but nothing more was 
known of its origin, and its existence probably does not vitiate 
the general statement that no true jade or jadeite has yet been 
found in situ in Europe. 

But although jade is not now known to occur in this quarter 
of the world, it was used by some of the early inhabitants of 
Europe in prehistoric times. ^m:ill celts of jade are occa- 
pionally found in the tumuli of Brittany, and in some other 
parts of France ; while they are familiar enough to the explorers 
of the pile dwellings in the lakes of Switzerland. f It seems, 
however, that the material was regarded as of great value, even 
in early times, for these implements are comparatively rare. 
Thus among the hundreds of stone celts found in the settlement 
of Luscherz, on the Lake of Bienne, only about thirty are of 
jade and-jadeite. Still, the presence of this material, even in a 
solitary example, is sufficient to raise the perplexing question. 
How did the men who reared such curious structures in the 
Swiss lakes manage to secure a material for which they might 

Xote on the Uae of the New Zenland Mere." " Joum. Ethnolog'. Soc," 
Bene*, vol. ii., 1870, p. 100. 

_ . _ - . . _ ^jj^j,.^ „ i^g Dwellings," 2 vols. 
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seek in vain throughout the length and breadth of Europe 
Did they obtain it by barter with people from the East — I 
early intercourse with China, or Turkestan, or Siberia — ord' 
the old lake-dwellers, when driven westwards from their As 
homes, bring with them their much-valued implemenu ( 
jade ? 

Aa a remarkable esample of an archaic implement in juj 
attention may be called to an unique celt which waa brou^ 
from Egypt many years ago by Captain Milner, and is now ii 
the Christy Collection. The peculiarity of this Implement U 
in the fact that it bears upon its two faces Gnostic inscripdm 
neatly engraved in Greek characters. The g^eral appe 
of the celt, and the mode in which the inscription ia inciio 
on one side in eight lines, on the other side in eighteen li 
upon a Epii-ul axis — are sufficiently shown in 6gs. G and 7, Fl 
VIII. It is believed that the engraving was executed i 
Alexandria during the third or fourth century of our era ; 
the celt itself is no doubt of much older date. Supposing it U 
have been picked up, the fortunate finder would regard it, ft 
accordance with early opinion on such objects, a& a cerauoia, o( 
thunderbolt^ — a holy thing fallen from Jupiter — on which 1 
mystic formula might appropriately be engraved, with the ai* 
vantage of making the spell doubly potent.* 

Although this remarkable specimen was found in Egypt, Hi 
are not aware that the ancient Egyptians ever employed jade If 
the material on which to exercise their glyptic art. It b tnitf 
that some authorities have referred to jade aspiittra d^EgUiaft 
but there is here probably some mistake in the identi&catios 
of the stone. Egyptian amulets and sepulchral ornaments uft 
not unfrequently wrought in green stones, but these are mosth 
either jasper or febpar. Tbe latter is the material now c 
Amasmi atone ; but it should be not«d that many of the o 
writers refer to jade under this name, whence it has been i 
ferred that jade occurs in South America. 

All modem mineralogists, however, restrict the t«rm i 
zonite to an apple-green felspar, which until lately wat I 
ferred to the species OrtJutclttse, but which has recently l 
shown by Dea Cloizeaux to be a variety of Microdine. At tj 
present time the finest Amazon stone comes, not 
Amazons, but from Siberia, Labrador, and Colorado. It I 
uncertain, however, whence the Egyptians derived the l 
felspar which they employed. This felspar was used also I 
the Assyrians, who occasionally worked it into the wdl-kiu 

' " On A Ccrauuia of Jade converted into a OnoMic TaltsmaD,' faf 0. 
King, M.A. " Atchseoli^. Joum,," vol. xxi. 180S, p. IM. 

t Blumenbocli, e.g. b bis " nandbDcb d. Naturge^chi elite,* 17074 
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cjlindrical seala which are bo exqiii^itelj engraved with figures 
,, and arrow-headed inscriptions- It appears, however, that jatle 

PS likewise used by the Assyrian eDgrarers, for there is at least 
i cylinder in the British Jluseum wliich is described as being 
this materiaL 
On the whole, then, it appears that jade, though [U]<{ue6tion- 
ably employed by prehiBtoric man in Western Europe, was but 
little known in the great centres of early civilizaticm in the 
£ast. By Greek and Roman artists the material was rarely, if 
ever, used ; the engraved celt, already referred to, being a 
solitary example of Greek engraving, and only upon a ttoni; 
which had been worked into shape by an earlier and a foreiji^n 
band. Nor was the material used, so far as we know, by 
mediaeval artists. Indeed, Mr. King, the great authority on 
antique gems, after referring to the introduction of jade on the 
Spanish conquest of America, says: "Even had the jade lieen 
linown at an earlier period, the ancient love of the tioautiful 
and their correct taste would have prevented their throwing away 
their labour and time upon so iigly and refractory a material." • 
If so imfuvourable an opinion is shared by other cunnolntieurM, 
though assuredly no lover of Oriental art will join in the con- 
demnation, it is no wonder that jade has not been nxcd in 
modem times by European artists. Of late, however, a »miitl 
quantity of a beautifid green variety of jatle baa been imported 
in the rough from New Zealand, and haa been cut and poliohcd 
both in this country and in Germany into the form of ear-droiiN 
Bad other trivial objects of personal ornament. 

^It will have been gathered from the foregoing part of this 
Article that the term jade has been vaguely applied to a number 
of different mineral-substances more or less akin in their 
physical properties, and all capable of l>eing used for ornamental 
purposes. Even the most experienced mineralogists have, 
until within the last few years, included under thin term two 
or three substances which agree in poBsessiog various shades of 
green colour, and in having an extreme toughness, but which 
differ widely in chemical composition. It is desirable, before 
closing this article, to clearly differentiate these several 
minerals. 

In 1846 M. Damour published an analysis of a piece of the 
well-known whitish Oriental jade, which had l>een carved in 
India. t From his analysis he concluded that this kind of jade 
was essentially a silicate of magnesium and calcium, and might 
be regarded as a form of hornblende, comparable with the 

• "Antique Oems,'' ^J '■'^^ Rev. C. W. King, MA., 1800, p. 08. 
■f " Analyse du Jade Oriental ; rSunion de celte substance k Is TrSmoliie." 
h Anoales de Cliimie et Physique," sir. iii. t. le, Id40, p. 409. 



variety called, from the Swias valley of Tremola, Trtnu^U. 
Subsequent analyses of tuime uf the dark greeu Jade of Se» 
Zealand have shown that thia also may have a similar oon^ 
eition, and may he referred to the green variety of boralilend) 
called, from the radiated structure which it charaetehMioallf 
presents, Actliwlite. Both these kinds of jade are therefcrt 
homhlendic or amphibolic minerals, similar in chemical com- 
position to well-known minerals occurring abundantly f 
Europe and elsewhere, but differing from them in certai 
physical characterigticB, No forms of tremolite or of actioolill 
are known in Eiuope to which the designation of jade c 
fairly be applied. 

The specific gravity of this homhlendic jade, distinguishe 
by Damour as OrlentaJ. Jade, is about 3. Mr. T. Davies, t 
the British Museum, who has determined the density of upwaid 
of a hundred specimens from New Zealand, gives the limil 
between 3-00 and 3'02,* It may seem trivial to dwell upfl 
this point, but it will be presently seen that specific giavit 
offers a valuable means of diagnosing the jadee. 

Some other examples of New Zealand jade examined I 
Damour yielded very different proportions of lime and magced 
and the analyses lead to a formula more like that of augite < 
pyroxene than of hornblende. In physical properties it cl« 
resembles the Oriental variety, but differs in having a specif 
gravity of about 3-18. It appears to be a rare mineral, andi 
it is known only from New Zealand and the AIar({uei<aa Idaod 
it has been distinguished as Oceanic Jade.^ It must not t 
forgotten, however, that most of the jade of the Pacific lalai 
belongs to the homhlendic and not to tiie augitic form. 

On examining a sample of green jade, about sixteen y« 
ago, M. Damour found so great a difference in its compodtia 
from that of either the Oriental or the Oceanic nephrite, tin 
he proposed to regard it as a distinct mineral under the nan 
of Jaticite.^ Tt is a silicate of aluminium, sodium, calctta 
magnesium, &c. Its specific gravity varies between 3*28 U 
3"35, and is therefore higher than that of jade: it is «1 
harder, and hence jadeite will scratch a piece ,of ordinary jad 
Damotu" placed this mineral near to Wemerit*. It is th 
substance which, as mentioned above, occurs in Yunnan, &Dd 
known ^sfeitsue. Many of the celts found in Brittany and! 

* "Notes on JadeiteandJado," ByThoniiuT)ftTiefcE*[.,F.a.S. Appw 
to Lite's tmiiBlation of Keller's " Lake Dwellings," 2Dd ed. Tol. i. p, tl8& 

t " Sur k corapniiitiou des baches en (uerre trouv^u dana lea mottaBi 
cettiquea Hi cW les tribua sauvag^s." ParM. Unmour. Piirtlt. " OoiB] 
Rendua," t. bti. 18B6, p. 357. 

X " Nntice et uulyBB sat le Jfide vert: rSuiuoa de cette mnti6t« miiMli 
u la fauille dea Weiut-rites." " ComptM Reudus," t. IvL 1803, p. 861. 
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the Swiss lake-dwellings are composed of this aiibstatice. No 
jadeite, however, has been found in siiu in Europe. For 
numerouH analjeea of jade and jadeite we are indebted to Herr 
L. R. Von Fellenberg, whose work has been of especial interest 
in connection with the materials used by the lake-dwellers of 
Switzerland.* 

Under the name of Jade tevace the French mineralogist 
Hauy described a mineral which was considered by the elder 
De Saussure to be a vaiiety of jade. It was afterwards regarded 
ty mineralogists as a distinct mineral, and was termed by the 
younger De Saussure (in honour of his father) Sauasurite, a 
■name which still holds its place in scientific nomenclature. 
This mineral is in many ways curiously like jadeite : its specific 
gravity, for example, is between 3'2 and 3-42, its hardness is 
about equal to that of quartz, and it is equally rich in alumina. 
Its chemical composition, however, brings it close to zooslte or 
lime-epidote. Some of the so-called jade of Turkestan is found 
to be Sauasurite, and this mineral is also the substance in which 
many of the Swiss celts are wrought. In the form of boulders 
brought down by glacial action from the Swiss Alps, it is 
scattered widely through f^ome of the Alpine valleys, and is 
abundant in the country around the Lake of Geneva. Pebbles 
of this tough material, picked up by the pile-builders on the 
marge of the lakes in which they dwelt, would naturally attract 
attention, and be utilized as a valuable material for implements 
and weapons. No wonder then that celts of Saussurite are 
found in the relics of these primitive habitations. If this 
mineral be admitted to rank with the jades, it will, of course, 
contradict the assertion that no jade occurs in Europe; and it 
is for this reason that the expression "true jade" has often been 
used in this article. 

Before leaving the subject, it may be useful to cite a few 
analyses of jade, and of kindred minerals eonmionly called 
jade: — 
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See, for example, the " Neues Jalirbuch ftir Mineralogie,' 



I, "White Orienlal Jade from China . . "p. jrr. 

n. Grean Oriental Jade from New Zealand . 

III, Oceanic Jade from Nen Zealand .... 

IV. Jaiieite from China 

V. Jndeite from a celt ft-und nt Murbibao, Franeo . 

^1, Saua9iirii« from L, Qeneva 

In addition to the minerals enumerated in this table, tbw i 
are a few other subatances which have occasionally been cluEeJ 
as jade. Thua, a mineral found at Rhode Island was formeilj 
described as an American nephrite, but has been found t 
analjsia to be only a very hard variety of serpentine, and i 
now distingujehed as Bowe^iite. Muny of the celt« from 
Brittany are wrought in a material known as FibroliU, whidi 
is a simple silicate of aluminium, but has been mistaken ( 
jade. Again, a dark-coloured jade-like mineral, occasinnaDy, 
used for implements, is distinguished by Damoui' as CA/onn 
nielanite; this is a ferrie-aluminic silicate, notable for higfc 
specific gravity, which ranges from 3-4 to 3'6. Jnaper, wbaa 
of d;irk green colour, has not unfrequently been taken for jade; 
but it need hardly be said that, though the two substances da 
not differ widely in their degrees of hardness, they are ( 
tremely different in density. As the specific gravity of jaspa 
is only about 2-6, we liave an unfailing test by which it msj be 
distinguished from every kind of jade. 

Excluding, however, such substances as jasper, which obvious^ 
have no right to claim a place in the jade family, tliere J^ 
remains a number of ornamental stones which have been, aad 
are still, popularly grouped together under the inclu^i 
of jade. Much as the mineralogist may desire to see that 
substances rigidly designated by their proper names, it must b 
borne in mind that their discrimination is by no means i 
easy task, especially to unscientific collectors of works of a 
into whose hands the finest specimens usually lall. SpedS 
gravity offers, perhaps, the easiest and surest means of diagnos)' 
but to determine specific gravity is not always convenient, a: 
may be impossible, as in the case of jade objects mount«d ti 
metal. Chemical examination is, of coiu-se. out of the questia 
in ninety-nine cases out of a hundred. Hence it so 
becomes difficult even for a mineralogist to determine * 
precision the real mineralo^cal nature of a given specitna 
It is then that a vague name like jade may still be retaina 
with advantage, its value depending, in fact, upon its wr/ 
vagueness. Even the greatest stickler for scientific precisioa 
must admit that there are occasions when he is compelled to 
lay aside his scruples, and to make a ruthless sacrifiee of 
Accuracy on the altar of Convenience. 
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EXPLANATION OF PLATE VIII. 

IFio. 1. Ancient Mexican Mask in Jadeite, probably an example of the 
Chalchihuitl, now in the Museum of Practical Geology. Natural 
size. 
„ 2. A Joo-ee, or Chinese wand of authority, carved in Oriental jade. 

„ 3. Mere, or patoo-patoo, carved by the Maories of New Zealand in jade, 
known as punamu. 

,, 4. Mere in punamu, curiously ornamented, belonging to a Maori 
chieftain, Te Heuheu. 

„ 5. Hei-tiki, or Maori amulet, worn upon the breast ; carved in jade or 
punamu. Half size, linear. 

„ 6 & 7. A jade celt, or ceraunia* with Gnostic inscription in Greek cha- 
racters upon the two faces ; found in Egypt, and now in the Christy 
Collection of the British Museum. 



EEPORT ON AJIERICAN DREDGINGS IN THE 
CARIBBEAN SEA. 

By ALEXANDER AGA8SIZ.* 



I JOINED the Blake at Washington, on November 27, 18* 
for a .second dredging cruise. According to your iilslTQ 
tions, we intended to proceed to Nassau, and there devote n ( 
days to dredging and sounding, in order to trace the connec ' 
between the fauna of the northern extremity of the T " 
Bank:^ and that of the Straits of Florida. Owing to ro 
weather this was not deemed prudent, and we were compt 
to put into St. Helena Sound, and, for the same reason, wb 
off Jupiter Inlet, instead of crossing the Gulf Stream to d 
Nassau, it was thought best to put into Key West. From tl 
when the weather moderated, we started from Kingstoa, Janu 
calling at Havana for the purpose of making a couple of fa 
on the Pentacrinus ground discovered by Captain Sigsbee 
Morro Light. We made two casta of the dredge in 175 to 4 
fathoms, and obtained a few specimens of Pentacrinus. ^ 
kept on along the northern shore of Cuba, through the C 
Bahama Channel, without stopping to sound or dredge, J 
Pourtalds having in former years dredged and sounded, in t 
Bihb, Acting Master Piatt, U.S.X., over the greater part of tl 
line. 

At the eastern end of the Old Bahama Channel we i 
line of dredgings and soundings acrotfs from Caja Crux to I 
Light. In the deepest part of the channel we found only 8 
fathoms, although the hydrographic maps indicated 900 fathoia 
no bottom. This is an excellent example of the uncertainty 
Ihe old method of sounding with hemp rope, even in mod< 
deep water, when there is a strong current, such as we fcgj 

• The fi-'IIuwing- report of the droilging operations of Uie 
Bli'maer Stake, during the winter of 1()78-T0, coBtain: 
nf interesting information that we have thought it well worth 
die benefit of the i«Aden of the " FoFruB Sciekcg Rbticw. 
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. ^ad the Oe, Ife I 
mown. 

In the cMe «f fiAa, vfas fcfigiig !• deep ntcr at • 
Bodetale tliitaatt fiia &c hai, «e n^j ht wc to lake it &v 
[noted that tber iMvUif fiw M the divA to wkkfc kks 
nwl may bave 'bea liwqwi. tte jmaag of ■■>«- of tk* 
kep-water SAn sre ^wjaahfrfty pdtpc oAe* t^ a kto 
period of gnnrtfa; aad 1km ■■■/ of the d«p-«>ter fidMi 
uve probaUj oxse to h^^i, opeeiaDj is the {voximitr of 
M&nic islands, or ala^ homIi stoctad neai devp water, Vr« 
nude three casts off tlie ooait of Caba between Nitevitas and 
Cape Maysi. In lat. 21° 2' N^ long. 7*' -M' W., off Cay da 
Va&, in 1.554 Mboms, we found a patch of gnvti snnd, inftd« 
up of large Globigerinse, dmilar to that inentioniHi liy Mr. 
Poartatfe in his " Deep-Sea Corals." 

We also obtained, in 994 fathoms, off NtievitaB, larp> lilorka 
■f genuine white chalk, composed mainly of aiohigorlnm and 



• In one case, dredging iu 1,000 frttlinnw, iiiuiieruui fl'«tfiii"r: 
bjB« came up aft«r drawing; in IWI fftthoran of wire 1 Uii Htn, 
•« ume specii!^ cami; up sflT (lriiwiii)r In IMX) fntllxni*, wlitl 
^ fathciDu. 
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Rotaliaie. Larg^e quantities of ooze and white cl&y, whi 
proved to be only the wliite clialk in different stages of « 
pressiou, also came up in the tiawl. If the conditions i 
existing at that depth at all resemhle those of the titno of tl 
white chalk, I could readily understand how perfectly u 
urchins or molluscs would be preserved if ouce encloiod i 
this homog;eneoua substance, to be gradually compressed i ' 
solid white chalk. 

In one of the hauls taken between Cape MayrJ and J 
(1,200 fathoms), we obtained the first specimens of Phormoeca 
I had seen alive. I was mucli astonished to BikI them, fd 
blown up, bcmispherical or globular in shape. This was t 
shape tbcy always took in subsequent hauls, and on 86TB 
occasions, when they were obtained from comparatively b" 
water, near the 100 fathom line, they came up fully alive a 
retained their globular outline. The alcoholic specimens I b 
seen in the Challenger collections came up as flat as podu 
handkerchiefs, from great depths, and were naturally re^rA 
as flat sea-urchins, although of course endowed with great n 
bility of test. These Echini, with their globiUar flerible b«l 
recall vindly the Periscboe chin idee, with wliit'h they hare >1 
points of resemblance of great interest in the structure i 
their ambulacral and interatnbtdacral plates. 

In tJie dredgings taken off the south-eafitem end of Jai 
we did not bring up anything of great importance. Fnl 
Jamaica we were obliged, owing to the strong trades, to kei 
on towards St. Thomas, without either sounding or trawling, ti 
off Porto Rico. During the winter months the trades m 
sufficiently hard to make dredging and sounding quite lUM 
fortable on a vessel of the size of the Bhtke. VVe had, the 
fore, uo opportunity of adding anytiiitg to the hydrography 
that part of tlie Caribbean Sea. 

On arriving at St. Thomas's we made a programme for i 
season's work. This we were fortunate enough to carry oat 
the letter, as far as the dredging and sounding were c 
With the exception of the time required for coaling and oi 
hauling the engine at ^lartjniquc and St. liucia, not a sil 
day was lost. Although Lieutenant-Commander Sigsbee, U.S 
did not command the Blake, yet the improvements which i 
made this yeai- in the dredging and sounding apparatus ¥ 
alt carried out under his supervision, the vessel ha\'ing h 
fitted out for sea before he was relieved by Commander Ji 
Bartlptt, U.S.N., who commanded the Blake during this win 
It Willi also my good fortime to find on Ixiard the majorit] 
the otficcrs with whom I sailed in the winter of 1877—78. 1 
thus started xmder the very best auspices. In the use of I 
improved machinery, suggested by our foimer irui*t', the i 
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perience of the old officers saved us from the armoyancea which 
always accompany the introduction of new methods. The Blake 
was this year provided with a hl-w double-cylinder reeling-engine, 
Tauilt liy Copeland and Bacon, placed at right angles to the reel, 
on which our steel rope was wound. A small double engine 
revolved the reel, so that the wire ropt was wound independeutly 
of the main reeling-engine. The wire rope was led to the port 
side directly from the main reeling-engine, then by a large 
WTOught-iron sheave along the deck to the mainmast, thence 
across to the starboard side, and then along the deck to the reel, 
upon which it was wound. This worked admirably, relieving 
the reel, which thus became a mere spool, from all strain either 
in winding up or in dredging, the whole strain being taken up 
by the ten turns of the wire rope on the surging drum of the 
main reeling-engine. The arrangements for leading off the 
wire from the bow of the ship, through a large sheave at the 
end of the dredging-boom, were practically the same as last 
year. The steel spring accumulator was, however, replaced 
this year by one of car-rubber springs, suspended along the 
foremast, and to this accumulator was attached the pendant, 
running along the dredging-boom which carried the dredging- 
pulley. As Lieutenant-Commander Sigsbee is soon to publish, 
in one of the Coast Survey Reports, a full account of the dredg- 
ing and sounding apparatus used on board the Blake, I will not 
speak in greater detail of our apparatus. 

No change was made in our dredges. In the trawls several 
new forms were tried, but we found that the most satisfactory 
trawl was of the shape adoptt'd last year, the only important 
change being the greater height of f he runners — 30 inches. The 
bar connecting the rtmners was used as a frame to stretch a sheet 
of netting across the whole beam, so as to divide the trawl 
opening into two halves, each opening into the trap. This 
enabled ua to give a longer lead line to the mouth of the double 
trawl, without the danger of fouling from the lead line of the 
other side. The ouly change I could still suggest woidd be that 
this lead line should run through rings at the comers of the 
runners ; the strain on the aide which fell on the ground would 
take up the slack of the upper side, and thus increase still 
fiuther the sweep of the trawl. Our trawl-nets were made much 
shorter than last year, and for deep work, when so much ooze is 
always likely to choke the trawl, it would be advisable for a 
ten-foot beam to have a net of not more than twelve to fifteen 
feet in length. 

We also tried dragging a heavy tow-net rapidly over the 
ground at great depths, in hopes of catching the more active 
Crustacea and fishes ; but we found that, after all, no deep-sea 
machine worked better than a trawl, which, when moved rapidly 




over the ground, at the mte sometimes of two to two and triai 
miles an hour, inv^iably brought up a fine harvest of £ ' 
and Crustacea, in addition to the usual contents of the & 
and more Blnggish forms. Although the deep-aea tow-net f 
used several times, we never brought up any of the so-csQe 
deep-sea Siphonophora of Studer, even in localities where till 
came up on the wire rope. 

Captain Sigabeo'a new sounding machine worked admirsbl] 
and he has every reason to be entirely satisBed with the im 
provemeuts he has made upon his former machine. 

We carried 6,000 fathoms of new galvanized steel-wire r _ 
Ijj- inch in circumference made by the Roebling Sons' Compuij 
which, owing to its greater pliability, proved evea more a " 
tory than the wire rope used on the last cruise. The stoel-wirt 
rope continued during our whole cruise to give complete satislBC 
tion, and enabled us, as in the previous year, to work with t' 
greatest possible rapidity consistent with safety and with t 
proper handling of the trawls and dredges. 

We usually lowered in deep wat«r at the rate of four to foi 
and a-half or five minutes per 100 fathoms, and reeled in at 
same rate. In the many places where we found roiigli or ra 
bottom we used a flat bar of six-foot beam, to which ringa n 
attaehed for fastening tangles and a sliot. This liar, with fi 
a dozen to fifteen bundles of tangles, proved perhaps our d 
eflective machine in rough bottoms. It rarely fouled, as 
dredges or trawls are so apt to do, when working over iinfiirmtt 
able ground. The region over which we chiefly worked 1" 
year extended from St. Thomas to Trinidad. Over a limibe 
area like this it was possible to cover the ground very si 
torily. The work done oflT the principal islands began i 
at the 100-tathom line, and extended into the deepest water c 
the lee side of the Caribbean Islands. Rut little could bo d 
in the way of dredging in the passages between the islands 4 
to the windward of them, owing to the strong trades. Whil 
working off" Barbadoes we undoubtedly obtained a fair r«pr 
mentation of the fauna to the windward of the Caribba 
Islands, which does not seem to differ from that of tbe I 
side. 

During this season we oeuupied no lees than 200 statioi 
and made over 230 hauls from the 100-fathom lino to U 
depth of 2,412 fathoms. A few hauls were occasionally raw 
in shallow water, but they formed no part of our regular achent 
Although we have obtained from the West India Islands aon 
of the most interesting invertebrates, yet we did not find d 
fauna of the eastern extremity of the Caribbean Sea materia, 
ditFerent from that of the Gulf of Mexico and the Straits i 
Florida. It certainly is by no means as rich in animal life fl 
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great depths. We rarely got from deep water, say l«tween 
1,500 and 2,400 fathoms, the rich hauls so invariably made in 
the Gulf from depths of between 1,200 and 2,000 fathoms. 
But we found, what was much more important for our success, 
that the range of the greater number of deep-sea species ex- 
tended within very easy dredging limits, and we soon discovered 
that by dredging mainly between 300 and 1,000 fathoms we 
not only obtained nearly all the species extending to the 2,000- 
fathom line, but obtained them in considerable numbera. This 
enabled us, of course, to collect a large amount of material, 
and the collections of this year's cruise, combined with those 
of the previous year, added to the older collections made by 
Count Pourtales on the Bibb and to those of the Hander, 
make our deep-sea collections but little inferior to those of the 
ChalUmger. 

I was greatly struck with the large number of our species, 
vhich, if not Identical, are at least closely allied to those brought 
home by the Chailejifjer ; and I was specially disappointed at 
the absence of types not already collected by the great English 
expedition. I think it can be fairly stated that the great out- 
lines of the deep-sea fauna are now known, and that, although 
many interesting forms will undoubtedly be dredged in the 
shallower waters, between 100 and .100 fathoms, we can hardly 
eipect to add materially to the types discovered by the dredg- 
ing expeditions of the lust ten years. As has been well said by 
Jlr. Moseley, of the Challenger, it becomes somewhat mono- 
tonous to find constantly the same associations of invertebrates 
in the deeper hauls, and it is only in shallower waters that it is 
possible to keep up oue's entbusiaam after a few months' work. 
I should he inclined, from the experienc'e of the past two years, 
to carry the range of the deep-sea fauna as high as 300 or 350 
fathoms, and to call the littoral fauna the species extending 
mainly to the 100 or 150-fathom line ; from tbe 100 to the 300 
or 400-fathom line extend the species which are neither littoral 
nor yet have the wide geographical range belonging to species 
found beyond that depth. But this upper limit of the deep- 
sea fauna must, of couise, depend upon the temperature, and 
undoubtedly varies greatly from local or partly local causes. 

While dredging to the leeward of the Caribbean Islands we 
could not fail to notice the large accumulations of vegetable 
matter and of land lUbris brought up from deep water many 
miles from the shore. It was not an uncommon thing to 
find at a depth of over 1,000 fathoms, ten or fifteen miles from 
land, masses of leaves, pieces of kimboo, of sugarcane, dead lanu 
shells, and other land debris, which are undoubtedly all blown 
out to aea by the prevailing trade-winds. We frequently found 
floating on the siu-face masses of vegetation, more or less water- 



logged and ready to sink. The contents of some of our tnvh 
would certainly have puzzled a palteontologist ; between tbe 
deep-water forms of Crustacea, annelids, fishes, cchinoderma, 
sponges, etc., and the mango and orange leaves mingled with 
In-anches of bamboo, utitmega, land abells, botb animal and 
vegetable forms being in sunh profusion, he would hare found 
it difficult to decide whether he had to deal with a marine « 
a land fauna. Such a haul from some fossil deposit wutild 
naturally be explained as representing a shallow estuaij sur- 
rounded by forests, and yet the depth might have been 1,500 
fathoms. This large amount of vegetable matter, thus carried 
out to sea, seems to have a material effect in increasing, in 
certain localities, the number of marine fonns. 

The collections made have all arrived in Cambridge, and will 
be sent for determination, as fast as practicable, to the naturftt- 
ists who have undertaken the reports od the different groupa of 
last year's collections. As their preliminary reports are well 
under way, I need only allude here in general to some of the 
most interesting types. Among the Foraminifera are a Dumber 
of the arenaceous types noticed by Mr. Brady, in the coIIectioDi 
of the Chalienger and Porcupine; among the Sponges, a 
species allied to Phoronema, a small Hyalonema, tufts of large, 
siliceous spicules (Hyalonema proper), covered at one end with 
Zoanthus, very similar to the common Japanese type; fine 
series of Dactyl oca lyx, showing the mode of growth from » 
simple globular form ; and a gigantic Euplectella. The colleo* 
tion of Starfishes was quite Bmall,and contained notbingworthj 
of special notice. The collection of Holothurians contained, 
in addition to the deep-sea forms mentioned in my former letter^ 
a larger number of species than last year, geneni allied t« 
Molpadia, Caudina, Echinocucumis, and the like. 

Among the Echini, with the erception of the Pourtaleds 
group, all the types collected by the Clialleiiger are well repre- 
sented, with a few Spatangoida hitherto unknown. The nombtf 
of EohinothuriiP was q uite large. Of the Pourtaleaia groop but 
few specimens in good condition were obtained, though tb* 
trawl brought up numerous fragments of several of the genen 
(if I am not mistaken) collected by the Chalienffer in de^, 
waters in the Southern Ocean. The small number of Qyp^ 
astroids collected, even when approaching the South AmerioH 
shore, at the 100- fathom line, near Trinidad, where they *it (• 
common, shows pretty conclusively that the group, with th» 
exception of Echinocyamus, is an eminently littoral on«. A 
large collection of Comatulje was made, and a number of tpea- 
mens of Rbizoennus were obtnined, but only a few werA is 
perfect condition. Of Holopus only a part of a specimen WBI 
foimd. It was collected off Slontserrat, and escaped my attei* 



alUioti^, of coune, on tbe look-oot far black Hobfni, I 

BOfc notice this imperfect ■tutlA yrtaea, which mnit have 

I alive, among tbe n uitnw ffe a rtjuiwi with «hidi it cane 

Our coUectioQ ofPentasriiu i» qidte extcariTe; ve fimtd ibea 

MoDtserrat, St. Vioeent, Grnnda, Gmdeloape, and BarbadtWB, 

several places, id audi Dmiben that on one "«•*■««« we 

mght up so loB than 1 2'! at a Bngfe haul of the bar and taa^ea. 

pjemustfOf courser hare nrept over aetnl forerta of PentaertBi 

rded together much as t« find the fiMnl Pealaertiii ao daba. 

series is now sufficiently extennve to wttle iatiifulorilj the 

iberofqteciesoftbegeiiaffbuDdintbeW^^lDdies. Thereare 

loubtedly tbe two j^pecies which have thiu far be«a reeognized. 

't is evideut that thn' vary grcatljr is appearance, P. HuUari 

being the most variable. I have notbiog to add to the geneial 

descriptioD of tbeir morcmentj given by Captain Sig^bee in 

my second letter, with tbe eiception of their use of the cirri 

placed along tbe gtem. These ibey move more rapidly than the 

arms, and u^ them as hook= t/i catch bold of neighbouring 

objects, and, on account of tbeir fliarp extremities, they are 

" adapted to retain their hold. The stem it«lf passes slowly 

a rigid vertical attitude to a curved or even drooping posi- 

We did not bring np a eiogle specimen ^bowing the 

lode of attachment of the stem. Several naturalist^ on tbe 

evidence of large slabs containing fateil Pentacrini, where no 

basal attachment ould \ie teen, have come to the coDclusion 

^bat Pentacrini might be free, attaching themselves temporarily 

f tbe cirri of the stem, much as Comatulx; do. I am in- 

imed, however, by Captain E. Cole, of tbe telegraph steamer 

^veatig<Uo^, that he lias frequently brought up tbe West India 

degraph cable on which Pentacrini were attached, and that 

ey are fixed, tbe ba»tl extremity of tbe gtem spreading slightly, 

mewhat after the manner of Holopus, so that it requires con- 

ierable strength to detach them. 

The collection of Ophiurans i^ perhaps the largest ever made, 
ley seem to play a very important part in determining the 
eies of a fauna. They occur everywhere, at all depths, and 
titen in countless nimibers, I hardly think we made a single 
lihaul which did not contain an Ophluran, They often came up 
hen the trawl brought nothing else. In 8<jme places tbe bottom 
lUst have been paved with them, just as the sliallowa are some- 
mes paved with Starfishes and Echini, and many species 
Itherto considered as extremely rare are found to be really 
ibundant. Most, or perhaps all, the deep sea Atlantic species 
^Sbtained by the Challenger have been re-discovered in large 
timbers. Such rare species as Sigsbeia murrkina, Ophiozcma 
ivea, Ueniieuryale ptistulata, and Ophiocanax hyBtrix, were 
Ibund in plenty. Among the representatives of northern i 



may be cited Aatronyx Loveni (?) while a single specimen of 
Ophiophjllum represents the great rarities. Of Agtroemda 
mcZia, of whiob only three specimens were known, we bive 
half a dozen. A larpe Pectinura recalls the shallow launa rf 
the East Indies ; while a new Opliiemus brings to mind tbl 
Antarctic deep-sea forms. Finally, the supposed abimdance of 
simple-armed Astrophytons is fidly conlirmed by the varioci 
species of Astmcheiua, and by a new species of Ophiocrear. 

The ddigent search of Coimt Pourtalda in the Stnttt rf 
Florida, the Husaler expedition, the Challenger explarstiom, 
and the two expeditions of the Blaki; have evidently broagbt 
up the majority of the species of Ophiiirans : for among tb» 
enormous mass of specimens this time obtained, the number rf 
new species is not very great. 

The Hydroids and Bryozoa were mainly represented by the- 
same forms as those collected last year, or in former coast Eomf 
expeditions in the Florida Straits. 

The corals, although abundant in specimens and i 

probably contain but few undescribed ones. Very fine i_ 

^jn ens of the larger, simple corals obtained by the ChaUatgM 

^Ksedition, which were never found in our earlier dredgings il 

|^B0 Oulf of Mexico, or the Slraits of P'lorida, were dredgs 

■'iere, such as Flabellum, Trochocyathus, Ceratotrochiis, i' 

Several of the deep-sea Actinia?, described by Moseley, t 

obtained, generally attached to sponge spicules, Gorgoiii(e,4 

stems of UmbcUaria!. 

The Alcyonarians were also very abundant, and among I 
we expect to fintl many novelties. Little can be said of t 
at first view, as the deep-water forms have thus far recein 
but little attention. One form, growing in a regular apiia 
with equidistant branchlets on the outer side of the si»n 
seems, by this mode of growth, to differ from anything pn 
viously known in that order. Several fine specimens of Umba 
laria were obtained, 

Among the Annelids, the tubicolous Annelids are by isr tl 
most striking, from the exquisite beauty of their tubes, compoM 
of siliceous spicules, and dead Pteropod shells, and from Hu 
strange associations with Corals, Gorgoni.'e, sponges, and en 
molluscs. A species of Phorus was frequently sccompatiKd I 
a large Annelid, comfortably established in the axis of t' 
shell, with the head close to the aperture. 

Among the Crustacea we found again the Jiaihjfnom ^^ 
glgantfus, A. M. Edw., discovered last year. We also broiKl 
up from 734 fathoms a Pycnogonnm, measuring not less tflJ 
two feet aluug tlie leg^:, when fully extended ; a fine Aatae 
zetUacva; and, from 416 fathoms, a magnificent species, alU 
to Nephrop.i, Mind, but with rudimentary eye-slalks. An i 
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teresting isopod, with gigantic lateral processes on the posterior 
Begment, was also obtained from 300 fathoms. Many hermit- 
crabs occupied tubes of bamboo or cavities in dead wood and 
sponges, of which they completely closed the orifice, with one 
of the large claws flattened like the operculum of a Serpula. 

Among the molluscs, the preliminary report of Mr. Didl {in 
SXetter No. 2), mentions the moat important types. We obtained, 
liowever, in addition, a good set of Pleurofcomaria, one specimen 
pleasuring tive inches in heiglit, while another was so small 
that the slit, from which the genus takes its name, existed only 
S8 a alight indentation. I hope to supply Mr. Dall with the 
material necessary for an anatomy of this interesting genus. 
But by far the most interesting of the molluscs is a Spirula. 
from a depth of 950 latboms, in excellent condition. The small 
mimber of Waldheimia collected this year is quite striking ; 
other species of Terebratulte were more common. We found, 
as was usual last year, an immense number of dead Pteropod 
shells at all depths, playing a most important part in determin- 
ing the nature of the deep-sea bottom. 

The collection of fishes is excellent ; its special characteristic 
is the large number of Lophioid types it contains. We ala> 
obtained many of the genera collected by the CkaUeiiger. 
Some of the rarer pelagic fishef, which are occasionally caught 
at sea, arc undoubtedly either full-grown deep-sea fishes or their 
young. It becomes an interesting problem to know where the 
young remain, before they become permanently inhabitants of 
deep water. 

The pelagic fauna of the eastern part of the Caribbean Sea is. 
during the winter season, rather scanty. Owing to the con- 
stant agitation of the water, I had no opportunity, as in the 
Gulf, to make much use of the surface tow-net. From the 
number of fragments of Siphonophora constantly found they 
must be very numerous. In the roadstead, under the lee of 
the islands, there was but little pelagic life to be found. Every- 
thing either remains at a, short distance below the siu'face, or is 
blown out to seaward of the islands. The phosphorescence, in 
consequence, is far less brilliant than in the Gulf of Mexico, 
although occasionally the masses of Ctenophora (a species of 
Mnemiopsis), swimming at different depths, produce a very 
striking; illumination ; sudden flashes of light suddenly appear- 
ing as if coming from great balls of fire floating a short dis- 
tance below the surface. The most striking phosphorescent 
phenomena were produced by a small Annelid, allied to Syllis, 
which moved over the surface of the water with great rapidity, 
performing the most remarkable gyrations, and tracing its patb, 
which remained phosphorescent for a short time, by a brilliant 
line of light. Among the deep-water forms, several of the 
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species of Gorgonia and Antipathes (especiiilly Kiisca), Ehoi 
a bright bluish pbospborescence when coming up in the I 
One Ophiuran also, like one of the Mediterranean species 
tioned by Panceri, was exceediog-ly phosphorescent, emi 
along the whole length of its arms at the joints a bril 
bluisli-green light. 

One of the most ioteresiting results reached by this v* 
cruise is the light thrown npon the former extension 
South American continent, by the soundings taken while 
ing, and those subsequently made in the passages between t!»e 
islands by Commander Bartlett. These, together with lU 
soundings already known, enable ns to trace the outline of U» 
old continent with tolerable accuracy, and thus obtain sodk 
intelligible, and at the same time trustworthy, explanation of 
the peculiar geographical distribution of the fauna and flora of 
the West India Islands. As is well known, Cuba, the Baliamu, 
Hayti, and Porto Kico, instead of showing, as we mi^l 
naturally assume from their present proximity to Florida, » 
decided affinity intheir fauna and flora with those of the Southcre 
United States, show, on the contrary, tmmistakable assoc' 
with those of Mexico, Honduras, and Central America 
Caribbean Islands show in part the same relationship, th< 
the affinity to the Venezuelan and Brazilian fauna and flon 
much more marked. 

In attempting to reconstruct, from the soundings, the 
of things existing in a former period, we are at once strack _ 
the fact that the Virgin Islands are the outcropping of an ex- 
tensive bank. The greateet depth between these islands in ]e~i 
than forty fathoms, this same depth being found on the bank to the 
east of Porto Rico, tlielOO-fathom line forming in fact the ontlioe 
of a large island, which would include the whole of the Viigin 
Islands, the whole of Porto Rico, and extend some way into tit 
Mona Passage, The 100-fnthomlinesimilarly forms a large pla- 
teau, uniting Anguilla, St. Martin, and St. Bartholomew. It Bt« 
unites Barbuda and Antigua, forms the Saba Bank, unites St. 
EustntiuB, St. Christopher, Nevis, and Kedonda. It forms m 
elongated plateau, extending from Bequia to the south-weM o! 
Grenada, and runs more or less parallel to the South Americu 
coast from the Margarita Inlaudn, leaving a comparatively nar- 
row channel between it and the 100-fathora line south of Oi 
n&da, so as to enclose Trinidad and Tobago within its 
and runs ojfto the soiitli-cnst in a direction also about , 
to the shore-line. At the western end of the Caribbeiaai 
the 100-fathom line forms a gigantic bank off the M( 
coast, extending over one-third the distance from the 
to the island of Jamaica. The Rosalind and Pedro 
formed by the same line, and a few other smaller banks^ 
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■K position of more or less important islands wbiuli must have 
pbce existed between the Mosquito coast and Jamaica. On ex- 
amining the 500-fathom line, we thus find that Jamaica is only 
the nortbem spit of a gigantic promontory, which once extended 
tonards Hayti from the mainland, reaching from Costa Rica to 
the northern part of the ^Mosquito coast, and leaving but a com- 
paratively narrow passage between it and the 500-fathom line 
encircling Hayti, Porto Rico, and the Virgin Islands, in one 
^gantic island. The passage between Cuba and Jamaica has a 
depth of 3,000 fathoms, and that between Hayti and Cuba is 
not less than S73 ftitboms, the latter being probably an arm of 
the Atlantic. The 500-fathom line connects, as a gigantic 
island, the Ijanka uniting Anguilla to f<t. Bartholomew, Saba 
Bank, the one connecting St. Eustatius to Nevis, Barbuda to 
Antigua, and from thence extends south so as to include Guade- 
loupe, Marie Galante, and Dominica. This 500-fathom line 
thus forms one gigantic island of the northern islands, extend- 
ing from Saba Bank to Santa Cruz, and leaving but a narrow 
channel between it and the eastern end of the 500-fathom line 
running round Santa C'niz, As Santa Cruz is separated from 
St. Thomas by a channel of 40 miles, with a maximum depth of 
over 2,400 fathoms, this plainly shows its connection with the 
northern islands of the Caribbean group rather than with St. 
Thomas, as is also well shown by tlie geographical relations of its 
mollusca. The 600-fathora line again unites, in one gigantic 
spit, extending northerly from the mouth of the Orinoco, all the 
islands to the south of Martinique, leaving Barbadoes to the 
cast, and a narrow passage )>etween Martinique and the islands 
of Dominica and St. T.ucia, At the time of this connection, 
therefore, the Caribbean Sea was connected with the Atlantic only 
by a narrow passage of a few miles in width between St. Lucia 
and Martinique, and one somewhat wider and slightly deeper 
between Martinique and Dominica, another between Sombrero 
and the Virgin Islands, and a compajatively narrow passage be- 
tween Jamaieaand Hayti. The Caribbean Sea,therefore, must have 
been a gulf of the Pacific, or have been connected with it through 
wide passages, of which we find the traces in tlie Tertiary and 
Cretaceous deposits of the Isthmiis of Darien, of Panama, and of 
Nicaragua, Central America and northern South America at 
that time must have been a aeries of large islands with passages 
between them from the Pacific into the Caribbean, It is further 
interesting to speculate what must have become of the great 
equatorial current produced by the north-east trades. The water 
banking up against the two large islands then forming the 
Caribbean Islands must, of courae, have been deflected north, 
have swept round the northern shores of the Virgin Islands, 
~\)rto Rico, and Hayti, and poured into the western baaioj 
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of the CariLbe&Q Sea, through the passage between Hajti 
and Cuba. This water being forced into a sort of funnel, t 
the 500-fathom Line forming the southern line of the Gi« 
Bahama Island, which connected nearlj the whole of the F 
hamas with Cuba, and fornied a barrier to the western flov^ 
the equatorial current ; this must, therefore, for the greater p 
have been deflected north, and either swept in a north-e 
direction, as the Gulf Stream now does, or round the north ei 
of the Bahamas, across Florida, which did not then exist, j 
the Gulf of Mexico, and into the Pacilic over the JstlifflU*i| 
Tehuantepec. To Commander Bartlett"s interest in this subj 
I am indebted for the first information respecting the lines r 
between the islands : 

Extract from Letter of Commarukr J. R. Bartlett, U^X.M 

"I connected the islands by running traverses across f 
ridges. From .St. Vincent to St. Lucia the ridge was oidy fi 
150 to 170 fathoms below the siirfiice, with a channel of ^ 
fathoms near St. Vincent. The channel between St. Lucia w 
Martinique had 500 fathoms in mid-channel, sloping upward i» 
each island. The channel between Martinique and liominira 
was a tough one, and 1 thought I should never find a riAff:. 
The soundings increased regularly on a ridge to .100 fathoms in 
mid-channel, where I got a sounding B83 fathoms, and tiien 
1,000 fathoms; beyond this the ridge was some ten miles to 
the westward, with an average depth of 400 fathoms, but 1 
found two peaks with only 40 fathoms. The deep water fa-ro 
the Caribbean Sea makes in between Guadeloupe and Moni- 
serrat, but I found a ridge of about 300 fathoms connecting 
AniJgua with Guadeloupe. In this channel I also found a p<ak 
with only 40 fathoms. I finished up the line connecting 
Saba Bank wilh St. Croix. I found the connection perfect, but 
the ridge has 700 fathoms water on it near St. Croix. Tberv i-- 
1,000 fathoms three mdes north, and 1,800 fathoms five mlfc 
south of the ridge. I ran a line from Dog Island to WliiU 
House Shoal, and back to Sombrero. Here I found a chai 
about fen miles wide with 1,100 fathoms. The temperatm 
was 38° at 1,100 ; outside 37^° at 1,600 ; and 36J° at 2,5"" 
I shall run a number of lines from St. Thomas to Sombrero,^ 
be sure that this channel connects with the deep water off i 
Thomas. I ran a line of Kiundings from the south end % 
Dominica to Avis Island. The soundings were regular at 1^ 
fathoms, to within ten miles of Avis Island.^ 



The soundin<;g mnde by Commander Bartlett, after I left U 
BCaie, to determine the ridges uniting the various Lilaiida I 
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^Ben Sombrero and Trinidad, show plainly that tlie cold water 
^Khe Caribbean can only come in throu{;li tlie passage between 
l^nbrero and the Virgin lalanda, which is about 1,100 fathoms, 
Kth a bottom temperature of 38°, while the 500-fathom line, 
l|I have said, forms a gigantic island of all the islands to the 
^^Bb of Sombrero, including Dominica, with a narrow passage 
^H),000 fathoms between it and Martinique ; the 500-fathom 
^ft a^in uniting into a large spit, as a part of South America, 
^Hbhe islands to the south of it. Thus the bulk of the water 
^Bbd into the Caribbean Sea has a comparatively high tempe- 
^ — an average, probably, of the temperature of the 300- 
^Kom line. The cold water of the Atlantic is, however, again 
^Bed into the western basin of the Caribbean through the 
^Bdward passage, and all this through the Yucatan Channel, 
^Bjreeti Cape San Antonio and the Yucatan Bank. It is, there- 
^B, incredible that with this huge mass of water pouring into 
^vGulf of Mexico, there should be anything like a cold cur- 
^^B forcing its way up-hill intu the Straits of Florida, as has been 
^Hrted on theoretical grounds. The channel at Gun Key can 
^^b discharge the surplus by having a great velocity. 
^Hlr. Garman, who as usual accompanied me, remained in the 
^Bt ^dies after we left the Blake at Barbadoes, for the pur- 
,pose of making collections of reptiles and fishes, with a view 
of throwing additional light on the former connections of the 
islands, as I have here attempted to trace it. One of the most 
interesting of the reptiles we collected is a gigantic land tortoise, 
found at Porto Kico, differing only in size from the land turtle 
Btill fbimd in Trinidad and adjoining parts of South America, 
It is closely allied to the gigantic turtles of the Giallopagos, 
and to the fossil land turtles, of which fragments have been 
described by the late Professor Wynian. Tliese were collected 
' Mr. A. Julieu at Sombrero, in the phosphate beds of the 
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THE islands of New Zealand have been justly celebnit«d fi 
their remarkable and beautiful scenery ever since the e 
plorations of the illustrious Captain Cook opened up for o 
nation a second Britain among the waters of the great Southei 
Seas. 

The Alpine ranges", glaciers, fiords, and sounds of the S 
Island, and the volcanic formations of hot lakes, geysers, hoilii 
springs, active and extinct craters, with the marvellous Biati 
terraces of the North Island, have excited the wonder I 
admiration of travellers of every class. The geologist. 1 
and artist have alike been enchanted with the native grandn 
and picturesque beauty of our mountains, forests, lakes, and Mi 

The line of active volcanic action (see fig. I) runs in aNJ 
direction from the great active cratex of Tongariro (whicbi 
situated near the centre of the North Island 6,500 feet slmvetl 
level of the sea), embracing a belt of country about twenty nuls 
on the N.W., to tbe insular crater of White Island in the B»y i 
Plenty, a distance of about 150 miles, 

In this arL-a is included lake Taupo, and the hot lakedis 
of Kotoruu and Rotomahana ; with geysers, eioter ten 
solfataras, fiimaroles, mud volcanoes, hot springs and 
caves, in such profusion and of such magnificent proportJol 
and combinations, as to present scenes unsurpassed in any otii' 
part of the world. 

Tongariro and the district immediately surrounding it I 
exceedingly difGcuIt of access, the native owners of the p 
being very jealous of excursionists, in whom they see 
political agents, suspected by them of designs upon ' 
territory. But an enterprising artist has lately sucoeedc 
reaching the mountain, and making the ascent ; but not wlC 
out great exertion, and many vexatious hindrances. 



POPCLAB SCIEN'CE RBHEW. 



Taupo District, 



Lake Taupo ia now upon the tnaio road between AticUal, 
Wellington, Napier, and Tanranga, and is very easily reacbej 
by coacb. It has also good accommodation for tourists sal 
travellers, so that this district, and the whole of the coiintij 
described in Ibis paper, can he visited with comfort, an^ niti 
no more than the usiial difficulties of getting across countr]' 
roads. Coaches run f)etween the principal towns, and lijU 
buggies and saddle horses can he easily procured at Tst^ 
Tauranga, and Ohinemutu. 

Approaching Taupo from Napier, the road passes thrmi^ 
lovely forest scenery of hill, valley and gorge, where the mas 
of science and the arti^ can each find inducements to liDgCft 
and to wish for an extension of time in order t« " do " the dii^ 
thoroughly. But me pass on, and as we surmount the last hi!I 
and emerge from the busli, a glorious panorama opens befon 
us. Peaks, craters, and basaltic rocks stand out in bold Hief 
above the timber-clothed hill-sides, and seem to strew the vall*y 
of Tarawera where the first evening from Napier is spent 

The first view of Lake Taupo is very striking. The 
expanse of water stretches away in the distance, and is loat 
among mountain shadows, behind which rise the lolly cones rf 
Tongariro and Kuapehu — the former smoking or pouring fortt 
its lava streams, and the latter lifting its snowy peak in silotce 
to a height of 9,200 feet. 

As we approach the lake the small clouds seen around its 
borders, become distinct as columns of steam, and comities 
hot springs bear evidence to the energy of the volcanic htcet 
which are apparently extinct in the numerous tuff craters around. 

The comfortable hotel, stabling, stores, &c., which, with a few 
other buildings, constitute the Taupo township, is prettily 
situated, but the plains on every side are very barren. Tha 
Gkivemment have here secured a strip of active springs and 
bathing pools, but with this exception all this part of the countij 
is in the hands of the Maories. Some shelter has also beoi 
provided here for visitors to enjoy the baths without undue 
exposure to the sun or wind. The ground around is seething 
with bubbling and boiling springs, and with fumaroles and solfi^ 
taras of all sizes and at all temperatures ; from tiny cups of 
creamy liquid, to vast cauldrons in trachytic rock, incnuted 
with glistening crystalline sulphurous deposits ; or with silioeoiu 
sinter, more or less tinted with ferric oxide. 

In this neighbourhood there is a very remai-kable geyser c«ie» 
which, covering an area of nearly twenty feet in diameter, ri»» 
liabout six or seven feet ; the crater is an oval of six feet i 
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diameter, and the basin appears about half-full of bubbling 
water, about 200° F, ; it is built up — like a huge crow's nest — of 
sticks wbifb are incrUBted aud cemented with silica; it occasion- 
ally breaks out and ejects large volumes of steam, or showers 
of boiling wattr. Many ingenious theories have been pro- 
pounded to account for its singular appearance, but close and 
continued observation wilt be required before a satisfactory 
explanation can be given. 

Roto Kawa is a small acid lake in this district, which is 
approached with extreme caution because of the treacherous 
nature of the deposits of tufa, obsidian, and pumice, which 
are broken through by so many hissing jets that, aa the soil 
reverberates to our tread, and the guide repeats his warnings, 
we confess to a feeling of insecurity, painfully enforced by 
vaj-ious reports of unwary wanderers who have fallen through. 
The ground is insufferably hot to the touch, and here and there 
We discover yawning chasms of black seething mud from which 
the vapours of sidphuretted hydrogen, mingled with fumes of 
sulphurous acid, greatly offend our senses, and painfully remind 
one uf the visionary Gehenna and of its traditional terrors. 

Twenty miles from Taupo, and some little distance off from 
the main road, is the district of Orakei Korako, so ably described 
by Ur. Hochstetter, where he counted seventy-six jets of steam 
£rom one point of observation. The principal geyser of the 
series is periodically intermittent, throwing up its boiling 
column about every two hours to a height of from ten to thirty 
feet; adjoining this is a small sinter basin which forms a luxu- 
rious warm sitz-bath— after a few minutes immersion one's skin 
is covered with a fine deposit of silica of exquisite smoothness. 
Numerous hot springs on both sides of the NVaikato river at 
this point are highly charged with alum, silica, and carbonate 
of lime ; and these crystallize into forms of greiit beauty, which 
are seen to perfection in a deep cavern known as the Alum 
Cave, in the recesses of which, refiected in the beautiful blue 
mirror of a pool of warm water, incrustations and stalactites of 
varied forms and tints deb'ght the beholder. 

Recrossing the Waikato we pass through another series of 
springs and mud pools, with small volcanoes of pink or grey 
mud; and after a journey of about sixteen miles we cross a 
hot river which is fed by numerous boiling springs. The luxury 
of a warm bath au naturel can be here enjoyed to perfection ; 
and a spring of delicious cold wat*>r will refresh the weary by 
applications, external and internal. Some of the choicest and 
rarest of New Zealand ferns are to be found only on the banks 
of this stream, the humidity of the warm atmosphere being 
peculiarly favourable to their growth. 

NEW SERIES, VOL. 111. — NO. Xll. B B 
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Stotoma. 




Eotorua is a nearly circular lake of about twenty miles ii 
meter, surrounded by hilla from which the timber has long mt 
disappeared. Near the centre rises ^lokoia, a volcanic isliiU 
with three conical peaks or craters, and with well-defined tema 
which mark a previously higher level of the waters of the lakl 
Seveml native wharfs or huts, and extensive plastatjons, n 
found all round the island, which was in former daya & VM 
important fortress, and is still celebrated in Maori l^emii U 
tradition. Hinemoa, the maiden, is the heroine of maoy 4 
their songs and stories. Air, Domett has immortalized td 
history in his poem " Ganolph and Amohia ; " and Mr. Chera^ 
had a charming pieture of this Maori girl at the Royal Aca " _^^ 

The seat of active volcanic agency is principally confined I 
the eastern shores of the lake. A narrow ridge of volramic cUj 
rising about thirty feet above the level of the lake, forms fl 
township, wliere, as at Taupo, the telegraph places ua i 
diate communication with the business world. On the b1 
toward the lake is seen the main settlement where the natan 
spend their time in sensual idleness ; the bank of the lake 
here perforated with thousands of springs, and those form tJ 
cooking places for the tribe; every hut has its boiler 1 
by nature aa close to the door as is deemed convenient; aa 
kits or baskets of potatoes, fish, beef and other edibles *i 
suspended in these pools until ready for table. Over son 
of the hottest portions of the ground, large slabs of atone u 
placed, on which, covered by moist grass or weeds, bread 
baked ; on other slabs, not quite so hot, the lazy recline tlieB 
selves, and, wrapped or covered with a blanket, enjoy Viilcaal 
heat on the coldest day. 

Several of these springs are celebrated for remarkable cun 
Some are reputed to be arsenical, others are sidphurou», al 
many are impregnated with alkalies. One remarkable p« 
called by the natives Kuima (see Analysis No. 3, p. 383), wbli 
is fed by nmnerous liot springs, is celebrated for its saponaccoi 
properties, and is the laundry for the township and settlemd 
Its temperature varies between 1 30° and 1 60° ¥.; it has a stre* 
alkaline reaction, and clothes are washed here without any art 
ficial admixture of soap or iwda. 

The natives, who are said to be afflicted with chronic impe 
niosity, persistently importune the visitorsfor gratuities, but und 
the charge of one of the European residents the tourist is rdiefi 
from their presence, and can inspect the exterior of their dvt 
lings without the levy of black mail. The borders of tbe U 
are perforated with numerous springe, and bathing at u 
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mperatiire can be enjoyed, and h freply indulged in Ly natives 
both Beiea, heedless of the restrictions imposed by tbe pro- 
irties of fashionable watering places. The little tongue of 
id on which this settlen:ient stands is quite undermined, and 
) place is shown where a similar " Kianga," or village, disap- 
ired one night beneath the water, taking all the inhabitants 

Itbout warning into the yet warmer regions below. 

On thb slope are some vegetable gardens belonging to the 

jtiah residents, where fruits, flowers, and all garden products are 

Vced upon a natural hot-bed to a perfection unattainable elae- 
On the other side of this ridge several very large ponds 

f water, some about 200° F., are to be seen under their cloudy 

iDopy of aleam. 
About a mile from this point, on the borders of the lake, is a 

ilpbiir point, an extensive plateau of sinter incrusted here and 
I with crystals of sulphur, where some very remarkable 
dioinal springs abound, in whioli some wonderful cures have 
m effected. (See Analysis No. 7.) 

'Many invalids, who have been attracted by the world-wide 
lOwn of their effects, suff'er imder great disadvantages from 
> want of a competent resident authority, and the absence 

f adequate shelter. Numerous pools are shown, one of which 
called the Pain Killer (see Analysis No. 6), but they are 
irely holes in the ground, or small running streams, which 
ist be cleared out by the visitor to allow of his immersion, 
i perhaps, directly this has been done, a watchful native takes 

dvantage of the opportunity afforded and steps in first. 
A mistake may easily be made in the selection ; at one place a 

nling and a cold spring, each overflowing from small cisterns 

" Binter, unite their streams in a third or t<.'pid bath; an 

rvalid on one occasion, intending to use the warm bath, stepped 
idvertently into the cold one ; the shock was unexpected, and 

t bis alarm it was mistaken for the boiling pool ; to remedy 

't supposed error he jumped into the other nearly up to the 
Lddle ; his scalded limbs immediately discovered his error, 

liich unfortunately proved fatal. The whole surface adjoin- 
f this plateau is incrusted with sulphur ; and ponds of various 
1, dark mud holes, yawning cracks, miniature geysers, arti- 
ial bsthG, beautiful basins of bubbling siUphur, thousands of 

fctle tiny cups and countless jets of noxious vapours combine 

ie attractive and the repulsive in fantastic profusion. 
►- On the opposite side of the lake are the renowned Tikitiri 
Ifnage. 1'he columns of vapour wliich arise from these re- 
Biarkable eruptions are seen from every part, of Rotorua. 
Beysers are so numerous, and deep spluttering mud lioles so 
ftnodant, that the spectator is appalled. The largest geyser is 
i^ut 100 feet in diameter, and boils in billows of great fury. 
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dense fumes of Bulpburous acid arise from the trouUeJ mte%^ 
and silver ornaments are speedily discoloured by Ibe detttt' 
vapours which are exhaled. (See Analysia No. 9.) 

Whakarewarewa, about two miles from Itotonia, is a centra 
of volcanic activity of great. iot«i-est to the geologist. The 
natives will provide huts for the accommodation of visitors, aad 
provisions can be easily obtained. The varied phenomena ■ "^ 
the entire district can here be seen ia miniature, and as tl 
influence of atmospheric pressure upon ihe various emptioi 
and geyser displays can be studied at leisure, some very im] 
investigations may be made at this place with very little 
or fatigue. 

The ground around this point is arid, hut within the cirel 
<if activity, gardens and orchards display a rich luxuriance, 
deep chasm, idong which rushes a noisy atjeam, divides tl 
settlement, the banks on either side being noted for some va 
remarkable fumaroles. 

Through the plantations, and passing several native faal 
we come upon a large plateau uf silica which reverbent 
beneath our tread. The temperature of il^ surface i« or 
100° F., and a large opening in the centre reveals the fact tit 
we are walking upon a crust of unknown strength and tliidnt 
over a large basin of boiling water. Approaching as near at 9 
treacherous foothold permits, we are alinost overpowexed by t] 
heat anil steam. The wind clearing the cloud of vapour, we 8 
Parekihuru, a large hole of about 30 feet in diameter, uverflo 
ing with boilingwater; fringing the profound azure deptfasi 
notice, under the crust on which we stand, beautiful in^^ 
coral-like formations. The excessive heat and the insecurity 
our position compel a speedy retreat to a firmL-r and ■ 
footing. 

Numerous smaller springs, supersaturated solutions of 
form very beautiful incrustations in a short time, and a 
dipped into them are speedily covered with a soft and di 
deposit resembling hoar frost, which is too frngile to 
transport. 

Close by is another boiling fountain, rippling over beantift 
miniature terraces of pure white sinter which appear like petrifi« 
cascades, and falling into a small basin the temperature of iriiic 
is from 96" to lao" F. (see Analysis No. 2). The stream fora 
a head of water, and it is artificially conducted by a wooden shot 
over the edge of a cold pond, where n pat lent afflicted with spina 
I beiunatism can stand upon a mat, and permit the hot wsti 
In r^dl upon his head or back, after which he can easily take 
[ilmi^ into the cold bath at his feet. Several wonderful ann 
111' attributed to this bath, and a hut has been built by tb 
Maiiries for the use of visitors. 
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Several mud liolea of different degrees of activity and consist- 
' ency present Eome beautiful examples of the formation of 
■concentric ringa, miniature craters, imlial fissures, and annular 
combinations produced from several centres which will form a. 
' interesting subject for closer investigation. Here are a 
few intermittent geysers which require to be teased into activity, 
lad sods thrown into them will be ejected with great violence; 
i small cavities, which apparently are perfectly harmless, 
hlddenly start into activity, and are so uncertain in their action 
mat they are dangerous to approach without a guide. Numerous 
Wha to which fancy names have lieen given, are used by natives 
Ifrom all parts of the island for rheumatic or cutaneous diseases, 
' md one is used as a cure for syphilis. An alkaline spring called 
! oil bath (see Analysis No. 4) is much resorted to by both 
tropeans and natives. 
I Upon a higher elevation by the Eide of a hill of decomposed 
myolitic rock we cross another siliceous plateau with several 
Byeers in all stages of activity. Some are furious in their 
ibullition; the most interesting being the famous Wakiti, a 
ige sinter cone built up of beautiful white circular terraces 
diminishing from one hundred feet in diameter at the base to 
about three feet at tlie summit. The apex of the cone is about 
thirty feet above the plateau, and can be easily reached. A 
small quantity of steam issues from the funnel, which is a 
narrow opening, and a deep rumbling can be heard from be- 
neath ; but occasionally it throws up a column of water to a 
height of eighty or even a hundred feet. The natives state that 
in certain seasons this geyser is veiy active, and all the smaUer 
onea around play in concert. It is influenced, they say, by the 
direction of the wind, hut whether under a high or low atmo- 
spheric pressure has not been observed. Wo may here recom- 
mend intending visitors to secure the services of a European 
gjuide from Ohinemutu, Mr. Henshaw accompanied our party, 
and rendered us very material assistance ; but on another visit 
without Ilia protection we were seriously annoyed by the impor- 
tunities of the residents, and could not gaiu access to this, the 
most important centre of Whakarewarewn, as we refused to 
satisfy tlie exorbitant demands made upon our excliequer. 



Ta/rawera. 

From Ohinemutu we start on saddle horses, or light American 
buggies, for Tarawera and Eotomahana, and after a ride of 
twelve miles arrive at the picturesque settlement of Wairoa, 
where comfortable accommodation can now he obtained at very 
reasonable char^^ The road haa recently been opened and 
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widened ; the ascent from Eotonia passes through several cutti 
made in the decomposed trachyte and diluvial pumice, wh 
with deposits of obsidian, form the surface of the entire vole 
area. The retrospect over the lake, with its niunerous st 
clouds, is very fine ; but the road through Tikitapu bush wi 
once attract the attention of every lover of the picturesque ; 
botanist and entomologist would rejoice to spend days or • 
weeks in this lovely grove ; and when the blue waters of the 
are discerned through the overhanging foliage an expressio 
delight escapes from every beholder. 

Encircled by steep hills, and clothed with luxuriant fo 
to the water's edge, this enchanting and at one time inacces 
lake, perfectly reflecting from its azure surface and transpa 
depth the dense vegeta,tion of its l)orders, forms a pictuj 
which we have never seen the equal in the Old World oi 
New. With no visible outlet, the cold blue water of unki 
depth always maintains about the same level, and as 
" buggy " rolls along the cutting of pumice on its borde: 
regret that we cannot linger to enjoy its fairy beauty. Asc 
iug, we cross ii narrow ridge and look down over another la 
Rotokakahi — at a much lower level, of pale green wat^r, 
which, by a subterranean outlet and by a succession of p: 
cascades, it reaches Wairoa and falls into Lake Tarawera. 
lowing this stream we arrive at a comfortable hostelry ; and 
spot once famous for its miserable accommodation wo fi 
well-furnish cd hotel. 

The natives have now several commodious wliale boats 
there stretches eight or ten miles of lake between us and I 
mahana), which replace the old canoes that were so formic 
to travellers unused to this mode of transit. Fixed charp^c 
now made bv the Maories, but a tribute of £5 is exacted 
every photographer or artist wlio may wisli to carry away 
thing more than mental impressions of the soener}^ ; and 
removal of specimens is also prohibited, and witli good rej 
A fine opportunity is afibrded for tlio contemplation of hu 
nature as exemplified in the aborigines, who are very intelli^ 
and are more industrious than at Eotorua. Their propens 
to appropriation are strong ; and they have also a ma 
appreciation of beer or spirits. 

The row or sail along tliis lake is very delightful. 
1,075 feet above the sea level, and is surrounded bv voh 
hills, the largest, Tarawera, rising about 1,000 feet. 

JRotomdhaaa. 

Our boat lands us at the mouth of the Kaiwaka creek, w! 
after paying half-a-crown per head for admission fee and 
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or ten Bhilliri^ for hire of it canoe on Rotomahaim, wcmskeDBi 
way past several hot springs and steam jets, and from Uie tof 
of a small hill catch sight of tlie dull green water of Rotono- 
hana, fringed with sedges and rushes, and surrounded by banen 
hills of no great elevation. The terraces and geysers which 
have made this lake one of the wonders of the world aro onlj 
indicated by columns of steam, which are rising on ovory side. 

We descend and pass through patches of manukD, or Ti fiw 
scrub, and then standing upon the dazzling white platforms itf 
Te Tcrata, wo are silenced by the resplendent lieautj- of the 
scene which bursts upon us (see fig. 2 and PI. IX, fig. 2). 

Sensations and emotions unknown in our previous experience 
completely overpower us, so that we are unable to describe oar 
impressions in ordinary langmige, or e\'en to recall them to om 
memory with vivid distinctness. This wonderful structure bu 
been formed by a geyser of the greatest force and volume, which, 
bursting forth from the base of a bill of volcanic clays and de- 
composctl lava, has gradually elevated and enlarged its beautifbl 
basins, and, building up terraces and buttresses of unparalleled 
natural beauty and design by its own siliceous deposit, fatt 
retired further and further into the side of the hill, which dow 
overhangs the resei-voir with a circular wall, almost perpendico- 
lar. As we ascend the delicate stairway, we are almost danled 
by the sublime effect produced upon our senses. We found ih* 
use of neutral tint or blue spectacles a great advantagi.* to tone 
down the absolutely overpowering splendour of the scene. 

Every tier reached in our upward progress reveals new ( 
binations and effects. The grand design of the whole is the 
same everywhere ; but the detail is essentially distinct in every 
part. 

As we reach the culminating ridge of the terrace, and reTi 
these magnificent gradations spread out fan-like before us, 
begin slowly to appreciate their beauties and to understand 
something of their structiu^. We count forty distinct plat- 
forms or terraces of varied form, but similar character, with 
numerous basins, resembling the purest alabaster, all filled ta 
overflowing with sapphire, turquoise, or azure waters wfaicb 
trickle over and incrust the edges of their reservoirs and di^N 
them with festoons of sinter. 

So very numerous and varied are these baths and fountains, 
platforms and steps, that we should delight to spend weeks in 
their neighbourhood, and devote each day to the discovery of 
some new manifestation of nature's architecture, decoration, and 
d^ign. 

The hill ilself seems crumbled and undermined by acUw 
volcanic agency, and presents a most interesting field for Uie 
student of vulcanology. Several old craters maybe traced in 



B contour of the hill, and the countless fumaroles, soliktaxas, 
d geysers bear witness to the enormous activity at work be- 
tih. Tbe surface is everywhere narm to the touch, and its. 
itbold ie treacherous in tbe extreme ; and further evidence of 
tivity may be obtained by a tour of inspection over the 
ge, where a puff of steam rises from tbe soil as it cnimbles 
teatb our tread, and very thick soles are necessaiy to protect 
t feet. The hill from which this geyser rises covers an area 
about 1,000 yards by oOO. It slopM on the b.w. into Roto- 
ihana, or the Warm Lake, and on tbe s.s. into Rotomakoriii 
Ithe Cold Lake. 

'The great basin of Terata is situated at a height of nearly 
'\gh.ty feet above the level of the lake, and 300 yards &om the 
liter edge of the lowest terrace (fig. 2). Tbe reservoir is nearly 
xcular, of about ninety feet diameter, and of a depth variously 
itunated at from twenty to forty feet. It is nearly surrounded 
a its inner side by a lip or edge, about six feet wide. Through 
le dense overhanging steam, tbe deep azure water of the 
laldroQ may be seen (see Analysis Xo. 1). It is always hiss- 

End boiling, and possesses a temperature varying from 210° 
4° F., according to its activity. It is so quiet at times that 
ing adventurer can walk around its lip, or even descend a 
iw feet into its nearly empty basin ; but it will suddenly, and 
ith territic violence, break into activity, and, throwing up an 
jormous column of water, fill its basin to overflowing, and 
£rhap8 forcibly eject the whole contents in one con^1llsive 
ruptioD, throwing the water to a height of forty or fifty feet, 
I the certain destruction of any one who has dared to come 
ithin reach of its scalding fountain. 

Two-thirds of the basin is enclosed by the bill-side, and an 
land of harder rock stands midway in the opening. This 
Fords Bbelter for the spectator, as well as an elevated position 
Dm which to observe the eruptions or to view the terrace. 
(The siliceous deposit which forms the terrace extends from 
1^ lip or edge of the basin over a large plateau, and then 
Wcending in three sections, forms a lower plateau, which has a 
toltoge to the lake of about 200 yards. 

IflThe upper plateau receives the very newest deposits, and 
bembles a small field of ice covered with a few inches of snow, 
le spectator feels that it is almost sacrilege to tread upon and 
uah this beautiful crystallized frost-work. The sun's rays, 
^composed by these delicate crystals, with sparkling iridescence 
isten in fairy splendour. Below the beautiful curves form- 
g tbe edge of this plateau, and sloping outwards, are rounded 
of snow-like sinter; below these again are several pools 
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hot water of the richest cobalt hue, or sparkling like sapphire, ^^J 
jieb, reflecting the overhanging festoons, light them with deli- ^^^H 



cate aznre tints ; and then anotlier plateau is reached, iornuA 
of rippled layers of hardened silica, frosted with recent iocras- 
tations. 

The formation here divides into three sections : the centreor 
terrace proper, and the right and left wings ; and before reach- 
ing the lake these sections are separated by clumps of foliagt 
growing upon the natural soil, hut are re-united in the lower 
plateau. 

(a.) The central section is the oldest formation, and is hoilt 
up of (1) huge overhanging buttresses, tattooed or carved iolo 
delicate lines, and fejitooned with incruated pendent pointE,froiB 
which the water occasionally drips. (2) Terraces, rising tier 
above tier, of various thickness, but all perfectly level, the edgv 
and faces of each step being rtppled or chiselled into lines like 
the shadows on a woodcut, several grades together appearuig 
like a petrified cascade. 

(3) Basins. Near the upper plateau are several basins wivM 
overhanging tips drop the slowly cooling liquid into other ' 
below. Evaporation is slowly silting up the basins ; but at tbt 
same time raising and thickening the outer rim. Where 
accident has broken through the brim, the increased flow at 
this point builds up smaller steps of similar form, and at lul- 
the broken part is cemented to its original level. 

(4) Cups. On the lower terrace tiers, thousands of 
cups are formed, all bearing the same characteristic soulpton 
which gives the name of Te Terata, or the tattooed rocka. 

The evident tendency of the whole deposit is to form (S) 
slopes, which are seen in various stage.t of transition &om tbt 
terraced stairway to the even slope which follows the medial liae 
of obli(|uity. These slopes are very beautiful, as in them 
be seen the gradual filling up of buttresses, terraces, and bni 
and the ultimate reduction of the whole at some distant dfttc 
Some of these slopes are more rounded and steeper than ol 
but all present the same rough surface ; and a passing gbado*^ 
or the rays of the setting sun, illuminate these prominoiaCf 
with pleasing effect. 

In the central section, and immediately above the loweit 
plateau, are several tiers of cold-water basins, low and shoUoVi 
but discoloured and mottled by confervoid growth. The wsttf 
in these basins is of a greener tint, and contains a percepiiUt 
amount of lower vegetal life. The middle of this central di»ir 
sion is broken by an irregular deposit of a different cl 
apparently caused by some obstruction — a prominence bearing 
&ncied resemblance to a " boar'« head " is formed^ and 
terrace steps are rounded and broken. 

(&.) Tlie right wing is an irregular slope broken inU) t 
in several parts of the descent, and containing a large qusi 
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if stickE, stonee, and clumps of sodi pn^ectiog above the EtDter, 
lut all are iDcrusted more or kss with silica. No r^ular basins 
re seen in this section, but, vhere an ob^niction occius, snail 
terraced ridges are formed. 

(c) The left wing (looking downward) has similar character- 
ics: and as the stream, after depositing the eilica (held 
in solution bj great subterranean pressure) on the upper or 
anowy plateau, loakes its way over the slope of the liill and 
lUnong altrubs and grassvs, the new deposit, caused by the 
lilow evapomtion, spreads its snowy mantle over the soil; tbe 
•carcely concealed foliage and mosses sparkle and glisten, but, 
2f gatiiered, their frosted incrustation speedily falls off. Where 
"* e siliceous deposit is indurated and hardened, their forms or 
itiines may be traced loDg after the vegetation has disappeared, 
it we were nnable to discover any tnie petrifactions. The 
iost recent overflow findi* its way over this wing, but the 
tendency is to form incrusted ridges and slopes, and not cups, 
basins, or terraces. The evidence is strongly in favour of the 
theory which supposes tlie central reservoir to have been origin- 
ally at a lower level and nearer to the edge of the lake, the 
deposit of sinter having elevated the reservoir and causing it 
to retreat along the path of least resistance into the side of the 

iim. 

The lower platform is the most extensive, and may be esti- 

ated at about one hundred and iifty feet in width, while it 

iB a frontage of about three hundred yards along the edge 

the lake. Its surface is in rippled layers, discoloured in 

many places, and supporting patches of scrub, fern, or moss 

upon a thin stratum of soil of recent deposit. Its general 

appearance is that of a pavement of concrete which has been 

■objected to tbe action of water overflowing from the lake. 

From otn: hasty review we could gain no idea of the thickness of 

the deposit in any place, but some enterprising geologist will 

doubtless spend a long vacation in this region and give the 

world the benefit of his investigations. 

Leaving Terati, and passing again through ti-tree scnib, we 
examine more closely tbe southern portion of this remarkable 
Tolcaoic hill. The smaller fumaroles escaping notice, our atten- 
tion is arrested by two immense geysers (see fig. 2), Nga Hutu, 
ifhidi occasionally works great wonders, and Kakarike, which is 
truly appalling, its huge cauldron (about 50 feet in diameter) 
nmimg in boiling waves, which break against its side and dash 
upward in angry menace. Passing several hot springs on right 
and left, a terrific roar breaks forth from a deep recess at some 
distance, caused by an escape of steam in great volume at enor- 
tnons presBure. Subterranean rumblings and noxious exhala- 
iiouB combine to form a sensation tbe most perfect antithesis to 



our experiences on Terata. Tophet must have been a poj^dife to 
this spot ; and if Dante cuuld have visited liotomahana, wfaatfev- 
ful horrors would bave been suggested to his vivid ImaginatioD. 

Across n platform of hot stones and the remains of an <^ . 
sinter terrace broken up by the ehifting soil, we find a geyser, 
once furiously active, now nearly extinct, and so quiet that it il 
used as a favourite cooking place by the natives, who dare n * 
venture too close to the more terrible of the group. 

In » deep hollow of forbidding aspect are se^-eral mud hole! 
ejecting an edible acididated mud. We declined a meal upoa 
fiucb dainty fare, but one hole was suggestive of a giMifl 
porridge pot. Tiie rising of bubbles, the annular eniptioDi,, 
and the etfects of volcanic discharges IQ plastic clay forming 
ridges and rings, would be interesting to a student of Beleno* 
graphy. From hasty observation we failed to trace .loy dit- 
tinct resemblance to lunar craters. 

The green lake, a pool of pea-green water, is a striking cott» 
trast to the prevailing character of the scenery. The WBt*C 
is deep and cold, slightly acidulated ; but we are not awan d 
any analysis to account for its remarkably verdant colour. Th 
border of the pool shades into blue, and its level is reported ti 
be imaltered. 

There used to be a small steam-whistle, but some in<)uin 
tourist, emulnting the famous juvenile experiment upon ( 
domestic bellows, inserted his walking-stick into the i 
vent and effectually stopped its music. 

There are several wharfs or native huts on thif: point and 9 
two small islands in the lake, but they have bei'U long sini 
deserted except by rats and fleas ; the ground is so honeycomlx 
with boiling springs that it must be very dangerous fur oo 
pancy. In one of these deserted huta we found luncheon p 
pared ; our potatoes and kaiua (small cray fish) had het 
cooked in one of the natural kettles, and we found that Bu| 
pale ale was not to be despised, although at a cost of 28. Gd, p^^ 
bottle and a porterage of many miles. 



OtakapuaTangi — the Pink Terrace (PI. IX. fig. I). 

A native canoe ferries the visitor across tlic hike to the b 
of the Pink Terrace, whitli la seen rising in fairy beauty, tia 
as with rosy sunset hues, and like its paler sister broken i 
about fifty distinct terraces and cascades of varietl hcigbl i 
form. Endosed in a horse-shoe curve of the hill this fumial 
becomes much narrower at its embouchure on the lake. 

Ascendiiij; the steps, the observer is struck witli many , 
resemblance t n Terata, and also with essential points ofdiSc 
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1. Tilt finrmimdiu;: hiL i^ o: iiarder ohl frni!^ ta.-*;*. imr i.d: 
?w rrJLtc fnrrtngr- ax* ficeu. aiiL titer; an r««nTinr-f. t/ rju rjesr 
f tie iill. Tilt ^imimr i^ .piam-L vitL fasf ari. -^ii •'•-, utm\ >. 

xpazi'fif' t:- CTBtttt*?; widtL Ji. miCf-afsrsu^. arr nffr-'-^'in^ u: i> 
rin^fi. TiM- defn- iiiut rr Im Te««r.'rir ohl >«sji^ mm f ■*/»-r 
ilesfixix: cmiiiasT tt zib ii&a. pnir n: tim iirtTv*.: Jipr. pr*r^«i: 
onna-uiia^ TiiL- t.*o"iiiir jf ins: usursr t/ ul* Ui*:*,. lp*. *Im 

2. Tirt: £?FT«er ir l lirLiir -TnuiTter T.hhT. Zhtl'ts. s,vr\ > n>ri:v 
»peii: itf cksBj- uzurf^ ^winei. lihiifiurri- wmsranT> W»;:.t^, w?a 

:he iLLZii** {£ inurisif lul "Jiif rii.:^* re :ii.'%r \ts :.. T^ftv- 

exandiiiii: atr-ef iif -wsltt x I'l-lrrr T'si.rj- «iT!*'v< :br ,i/'^'»v.j /.; 

. _ • • • • 

glaze. ■ S*i*: AiiL":7'tiif N :- .". 

and jcestJt'riii^ ijjf- ni:»s: li3::^:of rifcrr. :.>,;.: oA.r. iv- ;r.*fj»i-T»,v.. 

has a •♦'.'f: it)tii':z:z Lk.*- SLTii; jc Tel"^ •:-:, 

5. Til*- :T^rf:>ir La-r d:"r:5f:f ; f.:j»i:rii: a Tifv r^r«v."sv1 :,> :lv 

The old {'.'rmz^:^ rfsemtiue? Trr&:A :n it5 o\-*:rh^ic'.»K bv/.t^.^-^N-^* 

6. TLe ijeir f jimatioii i> a casoa-iie of utin«:ohtr\i Ivscixiu : tV,o 
stream Ifip? from rc^k to rc»ok, formiiijj tvmwAxI mass*"^ ,-^«*5 
slopes <f pink ginter. but no distinct imt»i>i>s *rr» «>t>w until tho 
new siream flow? once more over tho o\ior at n« oloxatiou ;> 
little above the lake. 

The evidence f»f these liistinotivo foatim^s s^vius to uuUauo 
a peri'>i when the Pink Terraoo )»-;u<» Hko Toratrt* di>vh:u>iiu^< 
under high pressure; and eomjvurinj; tho tw\> t<Tr«^v>i \X \> 
e^ident that the frosted incrustations and snow-Uko «)o|H\Kit 
upon the upper platform of Torata* aix* dtio to tho 9iUiid«'U 
deposit of sinter hitherto held in susjHnisJon by onormouji ^^t^- 
siure. The smoothness of the floor of tho Pink Torracis luul it^ 
marble inscription slabs, is oaus^xl by tht* slow ova|H)mtion of 
the water in its constant overflow. A tnioo of oxido of ih»u iu 
the analysis of the water ami of tho sintor Huflioioutly imltouti^n 
the source of its prevailinj; tint. 

Under certain conditions of winil or woathrr, thin ^\vhoi' \h nnU\ 
to cool down and its outflow to ooams btii HyHtriuutio lii\TNtU 
gation is needed to decide the conditiouM of Hurh irn^K^tlnrlty. 
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Immediately to the left of the Pink Terrace is a large 
solfatara, presenting in opposite extreme the most extraordinarj 
features. Literally a lake burning with fire and brimstone, it 
is awfully suggestive of Tartarus, and although its repulaw 
character is attractive we must not linger in our description. 

On the western shore of fiotomahana there are five or ox 
other basins of boiling water of lesser magnitude. The waten 
of the lake vary in temperature, but it is saline in all parts 
except the uorth-west corner, and here as our canoe is pushed in 
amoDg the sedges the Maori boy dips up a supply of cool fresh 
water, sparkling and clear. 

The return journey by canoe takes us through the narrow 
rapids of the Karaka creek, where hissing steam-jets and mud 
holes line the banks. At Tarawera we re-embark, and stimulating 
our Maori boatmen with promises of good cheer when we reach 
the hotel, we make rapid progress to Wairoa. The return 
journey will be made via Ohinemutu, and through the " eighteen 
miles bush " by good but irregular coach road, forty miles to 
Tauranga, a beautiful harbour on the Bay of Plenty. 



ANALYSIS OF MINERAL WATERS. 
By Prof. W. Skey, Analyst to the Geological Survey of New Zealand. 



{From the " Transactions of N. Z. Institute," 1877.) 

1. Te Terata, Great Geyser of Rotomahana, 

ruins per Gallon. 

Silicate of soda 08-48 

Monosilicate of lime 1-62 

,, y, magnesia *5d 

„ ,, iron ...... -51 

Sulphate of soda 7*84 

Chloride of potassium 2-87 

fy „ sodium 62-61 

Phosphate of alumina traces 

Lithia „ 

144-46 

All but soda are monosilicates; the little excess of silica, 7*66, is included 
in the soda silicate. 
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3L JWBHMHK Sfntigit tit 

sfinfefrnfiodA lead 

„ ^ ln» HU 

^ . Mgnu lU 

„. ^ Boa *3li 

Sd^phBft^ of aiada last? 

CUnidi^ of pottHKBBi 1:24 

^ ae£Bi& W-ei 

PVwpfcite of almaina tnic«» 

MoBonSeste of sod* ^*57 

fr r» fin» \H4 

„ „ mftgnenm *U 

^ „ iron »31 

Salphate of soda 1031 

Chknde of potaflaom 208 

„ „ sodium 45*70 

Phoephate of shnniiia traces 

Sifica,fi«e 18*4^ 

70-85 

4. Onuiie or OH Bath^ KoroieoteOy WAakarttcwrfwa. 

MoD o eili c ate of soda 208 

„ „ magnesia •76 

„ „ iron '85 

Sulphate of soda 7*40 

Chloride of potassium 1*40 

„ „ sodium 06-34 

Silica, fiise 23*40 

104-54 
Water distinctly alkaline or slightly caustic 

5. Pink Terrace^ Hatofnakana, 

Silicate of lime 1*01 

„ „ magnesia 1-16 

Chloride of potassium 1*05 

„ „ sodium 03*55 

Sulphate of lime 10*06 

yf 1, soda 1-01 

Alumina phosphate '54 

Silica, free 43-95 

Lron oxides traces 

15413 
Temp. 204** to 208** F. 
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6. Sulphur Bothy OhinetnutUy " 7%e Pain-kUler.'' 

Sulphate of potash 2-96 

,, „ soda 34-37 

Chloride of sodium IS9'16 

calcium 9^ 

magnesium I'Sf 



99 



99 



99 






iron 

Phosphate of alumina 
Silica 

Hydrochloric acid 
Sulphuretted hydrogen 



7-60 
127-04 



(7.) Te Eauwhanga Mud Batb, 1^ mile from Ohinemuto. Tlikk teoi 
muddy water^ covered with oily slime ; temperature 80^ to 100^ F^d 
positing a heavy muddy sediment ; has persistent add reacticai «i 
an offensive odour. 

(8.) Ariku-Kapakapa, 2 miles from Ohinemutu. Small pool; sttofo^m 
flow ; temperature 160^ F., depositing sulphur ; reported to b« 
powerful ciu-ative properties. 

(9.) Te Kute, Great Spring of Tikitiri. Temperature 100** to 212** F 
muddy brown, containing a large proportion of sulphuretted h; 
drogen ; reported wonderfully etRcacious in rheumatism and cat 
neous diseases. 



Sulphate of potash 
soda . 



If 



99 



99 



99 



» 



» 



99 



» 



» 



99 



alumina 
lime . 
magnesia 
iron . 
Phosphate of alumina 
Sulphuric acid, free 
Hydrochloric acid, free 
Sulphuretted hydrogen 
Silica . 





8. 


9. 


•77 


•38 


•59 


23-71 


12-61 


12G6 


1-40 


•68 


11-22 


204 


2-21 


1-01 


1-62 


1-29 


•69 


1-47 


315 


173 


traces traces 


traces 


7-60 


13-95 


•77 


7-66 


2-62 


1-03 


319 


— 


5-74 


13-86 


18-15 


1240 



06-38 54-94 48-44 



EXPLANATION OF PLATE IX. 

Fig. 1.— Olakapiiarangi (iciieral view of the Pink Terraces, RotomahaBft 
from the Sulphur pool. 

Fig, 2. — Tc Terata — View of the cold- water basins on the White Temoi 
Kotomabana. 



(From Photographs by Burton Bros., Dunedin.) 



: MOST POWERFUL TELESCOPE IH EXISTENCE. 
Bi E. NEBCIN, F.R.A.S. 



UCH is the moat powerful telescope in existenca ? De- 

fine the meaning which ought to be attached to the 

kdjective *' powerful " in this question. The most powerful 
telescope in existence is that eiiating telescope which can do 
Lie most work. The work of a telescope may be said to be to 
suable you to see and to enable you to measure. Therefore, that 
telescope with which you can see most and can measure best, 
is that which can do the most work, and is unqiiestionably the 
most powerful telescope in existence. 

Which ia the most powerful telescope in existence ? 

Everyone has heard of the two giant telescopes which were 
constructed nearly forty years ago by the late Lord Rosse, and 
*hich were erected at his residence at Parsonstown, about fifty 
miles from Dublin. The first great telescope constructed by 
Ixird Rosse was a reflecting telescope with a speculum three feet 
|o diameter and twenty-six feet in focal length. It was carried 
in a ponderous tube moving in a massive iron mounting by means 
5f ingenious machinery. When it was finished in the year 1840 
t was considered the grandest instrument in existence, and from 
ts employment in the study of the heavens enormous advan- 
ages were expected to be gained for astronomy. Scarcely, 
lowever, was this telescope out of the bands of its maker, than 
^rd Rosse resolved to construct a second telescope of still larger 
Umensions. With enormous skill, patience, and ingenuity Lord 
ioBse carried out this intention, and by the year 1846 had 
>nished his second grand telescope, the instrument commonly 
:nown as " Lord Roase's Telescope." It has a metal speculum 
ii feet in diameter and fifty-four feet in focal length. This 
^ormouB mirror, which weighs nearly four tons, is placed in & 
rreat tube eight feet in diameter and fifty feet in length, and 
his tube is carried by a massive iron mounting supported j 

wo lofty castellated buildings, each nearly sixty feet i" ' M 

Qie weight of the telescope and its mountings is eac ^^^J 
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ingenious methods the observer who is using the telescope it 
placed in a kind of cage, suspended in the air from the nooBt* 
ing of tlie telescope and carried up and down along with Uk 
instrument. 

To this day thia giant telescope of Lord Rosse's 
position as the greatest telescope in existence. In its e 
size it has still no rival, in its maAsivencss and weight it is lone 
likely to retain its preemioence. 

"Which is the most powerful telescope in existence ? 

Lord Rosse's giant telescope, of course will be the answer ol 
most people ; it will be the ansiver of the great majority «' 
scientific men ; it would be almost the unanimous answex of til 
British Association, of that Section A which is supposed to kee 
the world informed of the great achievements of astronomy ai 
of optics. 

la this the true answer ? — No. 

To most people, to most scientific men, this answer willcoi 
like a shock, for to them it has long been u cherished tiaditiai 
an article of faith, almost an axiom, that Lord Rosse's giuj 
telescope was the most powerful telescope in esistenoe. " 
those astronomers who are observers, astronomers not sts 
it is well known that for years this giaut telescope of I 
Rosse's has been beaten in power by far smaller and more o 
pact rivals. In fact, it is doubtful whether in real power 1 
is much superior to its smaller companion, the three-fbc 
telescope, 

There are many who judge a telescope by its size alone, w 
compute its excellence by aid of a two-foot rule and a knOI 
ledge of its cost in pounds. With them a telescope with 
metallic speculum weighing four tons and measuring six fa 
in diameter, with a tube fifty feet long, and costing a tboiisu 
pounds, ought to give so much light, have such and such i 
parating power, and show this or that object. It ia true wit 
small telescopes a great deal may be done in this way, but 
perienced observers know that the real power of a t«le»oc^a 
only be ascertained by a study of what it has done, Tned I 
this test, the giant telescope of Lord Rosse breaks dotrn. 
has not the accuracy of definition which constitut«a the n 
power of a telescope, for it is mainly upon this that c 
itn capability for doing work. Compared with the metal B_ 
which were made at the time when Lord Rosse's telescope « 
constructed, the great speculum of Lord Rosse's 
might come out with credit. But great improvements 1 
since then lieen introduced into the manufacture ( " 
telescopes, and the present silver-on-glass reflecting 1 
succes^ully lival the finest achromatic telescope in cloSnitii 
and in power. 



THS HOST POWERFUL lELEeCOPE IN EXISTENCE. SbF^ 

In days gone by repeated reference was made to the wonderful 
dungs which could be seen upon the surface of the moou with 
'"Lese two giant telescopes of Lord Kwsse's. Picturesque de- 
riptions were given of the minute features which were visible, 
tzement was often expressed at the small objectB which could 
seen. Still more interesting accounts were given of what 
jht to be visible, — a carpet of pronounced pattern as big as 
Xincoln's Inn Fields, the Castle at Dublin, the Courthouse at 
►rk, a house, or even a man, provided he were big enough. 
Ul these oxi-gkl to be seen if they happened to be on the lower 
Yet when we come to consider what it really is which 
described aa being seen, when we calmly examine the various 
■awings which have been made by the aid of one or the other 
these great telescopes, then we find that they show nothing 
Hrhicb cannot be distinctly seen and drawn by the srualleat astro- 
Bomical telescope of high excellence. An enormous blaze of 
"'jht is gathered by the telescopes, but all this light reveals 
Botliiiig which cannot be seen with far greater ease in a far 
laller telescope. There are in existence a number of drawings 
the planets, and observations of their satellites; there are also 
rvalions of close double stars, or faint companions to bright 
i, all made with one or the other of these two telescopes, 
nothing has been seen which is beyond the power of a good 
totroaomical telescope of comparatively moderate apertm-e. It 
$fl only in observing the dull ill-defined nebulie that Lord Rosse's 
great telescope has any exceptional advantage, though even in 
respect it is probably much overrated. As an astrono- 
1 telescope either of Lord Rosse's telescopes would be fairly 
Vlieaton by either of the fine eighteeu-inch reflectors which are 
Kttow in existence. 

If, then. Lord Rosse's great telescope is not the most powerful 
in existence, what answer ia to be given to the question with 
which we commenced ? Which ia the most powerful telescope 
Id existence ? There are the great refractors of Pulkova and of 
Cambridge, U.8,, each of fifteen inches in diameter and 23 feet 
focal length. There is the still larger refractor of Chicago 
irith an aperture of eighteen inches and a focal length of 23 
feet. All these instruments are of high excellence in defining 
power, the essential point where Lord Rosse's l>reaks down. 
There is the reflector of Mr. Lassells, with its metal stwculum of 
two feet in diameter and its tube twenty feet in length. There 
is the great Melbourne reflector, with its great metal speculum 
of for^-eight inches in diameter, the second largest telescope 
is the world, but by no means so sharp in definition as might 
be deeired, bo that it failed to reveal the satellites of Alai's which 
seen with an instrument of not one-sixth the diameter in 




There is also the great reflector of the Paris ObBervatory, witfc: 
a Bilver-on-glasa speculum Dearly four feet in diameter, an in 
strument whose power is seriously injured by the imperfeO 
definition arising from the flexure of its thin speculum. Then 
IB also the large refractor constructed for Mr. jfewall, of Gatei 
head, with an object-glass twenty-five inches in diamet 
mounted in a tube nearly thirty feet in length. 

But all these instruments must yield the palm to the greit 
refractor of the United .States Naval Observatory at Washington, 
a splendid instrument, with an object-glass twenty-six incbn 
in clear aperture and 33 feet in focal length. This magni- 
licent instrument is etjuatorially mounted and driven by clock- 
work, so that it is complete as an astronomical telescope. Thft 
Washington refractor is, however, not merely a telescope of greai 
dimensdonB ; like more than one of those previously mentioned, 
it is an inatnmient of high optical excellence. Its detinitioo ii 
crisp and sharp, and it brings every ray of the enormous amount 
of light which it collects to a sharp focus as a very minute poiti^ 
BO that none is wasted. It was with this fine telescope tiitit 
Professor Asaph Hall made his famous discovery of the satellite^ 
of Mars, that Mr. Bumham discovered a number of the moel 
minute companions to the brighter stars, and that ProfeesorsNeih 
comb, Ilolden, and Hall have observed and measured 0» 
smallest satellites of Saturn, Uranus, and Neptune. It is thi 
magnificent instrument which is supposed by most astronomei 
to be the most powerful telescope in eiistence. Then om 
answer to the question with which we have commenced ou{^ 
te be — the great refractor of the ^'ashington Obeervatoiyr 
No! * 

Then which is the most powerful telescope in existence ? 

The most powerful telescope in existence is the magnifioea 
new reflecting telescope which has been just finished by Mr. i 
Ainslie Common, and is erected at his residence at Ealing. Th 
telescope has asilver-on-^lass speculum, 37^ inches in diametei 
and a focal length of just over twenty feet. It is equatoriall 
mounted in a novel but most efficacious manner, and is diivei 
by a powerful clock controlled in an ingenious manner by i 
method invented by Mr. Common. This new telescope, which bi 
only been finished about a month, haa turned out a great sacca 
and is unquestionably the finest and most powerful telescopl 
which is in existence. 

For the last three years Ulr. C-ommon haa had in his obser- 
vatory a fine silcer-on-glass reflector with an aperture of ejgfatMiJ 
inches and a focal length of nearly ten feet. This telesc<^ 
was mounted by him on an equatorial stand of his own deiigtii. 
on what is known as the '* Sissons " principle. For efficieneji 
power, and excellence this eighteen- inch reflector is as yet without 
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9 rival in England, and was only beaten perhaps by tLo great 
refractor of the Washington Observatory. With this instrument 
was miide a number of observations of the faint satellites of 
Saturn and Uranus, which rendered the Ealing Observatory a 
&miliar name to all astronomers. When, in 1877, the astro- 
nomical world was electrified by the annoimoement of Professor 
Asaph Hall's discovery of the two satellites of Mars, it was to 
Ealing that astronomers looked for systematic observations of 
these faint objects, and it was from Ealing Observatory that came 
the only systematic series of measures of these objects which 
been furnished by England, Astronomers may congratulate 
Qieinselves, therefore, upon this new telescope being in good 
hands, and in an observatory where it will not be allowed to 
lUst in idleness like so many of the finest instruments in 
England. 

Satisfied from the performance of his eighteen-incb New- 

rnian reflector that it would be possible to anccesafully construct 
■^uch larger instniments of this kind, it Beems to have been 
^bont two years ago that Mr. Common first seriously thought of 
constructing a very large reflecting telescope with a silver-on- 
iglasB speculum. It was obvious that this would be a serious 
undertaking, and one which would require miich thought and 
ingenuity to carry it out successfully. Many difficulties would 
require to be boldly faced and successfully overcome. The 
expense alone would have been sufficient to deter most men. 
Experience, skill, coiuage, peraeverance, money ; all would 
be required if success was to be won. 

It was decided to first undertake the manufacture of a tele- 
scope with an aperture of 374 inches and a focal length of about 
eighteen or twenty feet. This was a much shorter focus than 
had usually been thought essential for an instrument of this 
large aperture. Generally instniments of this kind are made with 
a focal length of from nine to ten times their diameter. This 
Tould correspond to about thirty feet focus for a speculum of 
the given size. The fine performance of his eighteen-inch tele- 
scope had convinced Jlr. Common that it was not necessary to 
give a greater focal length than fifteen or sixteen feet. But 
there were two conflicting interests to be reconciled. The 
shorter the instrument the easier it would be to mount, and the 
easier to observe with ; but, on the other hand, the longer the 
focus the better it would be for taking photographs of the 
heavenly bodies, and this last was one of the main uses that the 
new telescope was intended for. With the view of best recon- 
ciling these two views the instrument was designed with a focus 
of some twenty feet. 

The very first step to be taken was to undertake the manu- 
facture of the glass speculum, and here at the outset an 



enormous difficulty pretiented itself. To make a speonluni « 
the required dimensions it was necessary to have a disc of good 
crown glass about thirty-eight inches in diameter and from six to 
nine inches in thickness. Well, purchase such a disc ; or ratJier, at 
it was not likely that such a thing coidd tie bought ready-made, 
why, order one. This seems feasible enough. But there was not ft 
firm in England who would undertake to make such a thing. Ja 
fact, at the time, the opinion was freely expressed that i«uch h 
thing could not be made. This was a serious obstacle, for nearlj 
all the glass used for optical purposes came from England. 
Determined not to be baffled, Mr. Common applied to a Ptenck 
firm, and they produced the disc of glass which was essential 
before a single step could be taken. The first difficulty » 
faced and overcome. 

After mature consideration the grinding and polishing of the 
gpeculum into which this glass disc was to be turned was en- 
trusted to Mr. G. Calver, of Widford, a well-known maker of 
glass specula. From its enormous size, over twice as large and 
ten times as heavy as any speculum which had ever been maun- 
factured before, it was necessary to construct new and moi« 
powerful machinery and even a new building. Nothing daustei^ 
however, Mr. Calver agreed to do his best to tiun this great 
mass of glass into an excellent speculimi, though of course b< 
could not guarantee anything, the entire risk necessarily ifr 
maining with Mr. Common. 

This settled, the greater portion of the task remained to bl 
faced. Given a speculum of the specified size, how waa it to bt 
mounted, and how was it to be used. Firstly, the glsH 
speculum must be mounted with such care that, despite iU 
enormous weight, it must nowhere bend by as much as one (€ft 
thousandth of an inch. Secondly, the glass speculum and Out 
iron cell which supports it must be fastened at the end of I 
tube some twenty feet in length, and this tube must be sixf 
ported by an elaborate mounting by which it can be pointed tC 
any desired part of the heavens, and moved by clockwork M 11 
to follow the apparent motion of the celestial bodies. Thirdly 
arrangements must be made so that an observer can always u 
the telescope, and be enabled to look through the eyepiece of U 
telescope whatever position it may be in — no slight task, geeii 
that the said eyepiece must in some positions of the instrmneini 
be over twenty feet from the ground. Lastly, the telescopi 
must have an observatory which will shield it from the westhcC 
and yet permit any part of the heavens to be examined witli tl 
telescope. 

When the instrument has a metallic speculum, like the lai^ 
reflecting telescopes of Lord Rosse, and Mr. Lassells, and that* 
Melbourne, it is much easiej' to satisfy the first condition tT 
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hien the speculum is made of glass ; for it is possible to oast I 

Wie speculum with grooves, projections, and recesses in its'back, I 

"by means of which the task of supporting it is much simplified. 
With a glass speculum it is not practicable to have these aids, 
so that the back of the speculum is cast quite flat, and usually 
rests on a flat plate of metal. By an ingeuiouH method of ba- 
lanced arms JMr. Common has contrived to support the speculum 
so that it is perfectly free from flexure. ThuK the first point 
was secured. 

The second point, or the method by which the telescope 
should he mounted, was a problem which required long and 
serious consideration. Mr. Common devised a new and most in- 
genious method which, after long consideration, he thought would 
furnish a means of steadily supporting the telescope. In this 
steadiness is most essential, the slightest vlbi-ation, vibrations 
absolutely invisible to the eye, would ruin the performance of a 
telescope. The weight of the moving part of the telescope 
amounts probably to four or five tons, and this lias to be kept 
in motion by a clock, yet it must not be liable to the least 
tremor or vibration. The difficulty of the problem is evident. 
His plan of a mounting was submitted by Mr. Common, for 
criticism, to several well-known astronomers, who might be 
supposed competent to advise on this subject. As might have 
been ezpectqd, very diverse opinions were expressed ; at most, 
one seemed to decidedly favour the plan, others seemed 
doubtful, and more than one were decidedly adverse. The 
result was to leave that matter much as it stood at first, so that 
Mr. Common decided to persevere in his original design. The 
success which has crowned his labours shows that he was cor- 
rect in bis judgment. It would be impossible to describe the 
method of mounting employed without the aid of several detailed 
drawings, but reference may be made to one ingenious point. 
As in all equatorial mountings, nearly the entire weight of 
the moving part of the telescope (in the present telescope five 
tons) rests on the bottom pivot of the polar asis. This pivot, 
therefore, is exposed to enormous friction, and is a common 
cause of vibration. To obviate this, Mr. Common, by an inge- 
nious arrangement, supports the whole polar axis Ln mercury, 
thus taking off nearly the entire friction, and the whole instru- 
ment moves as if it were floating. By this means he is enabled 
to drive the whole telescope by means of an ordinary train of 
clockwork, regulated by the governor, which he had invented 
for his smaller telescope. 

The last two points specified above are obtained by making 
the observatory itself the ladder by which you approach the eye 
end of the telescope, and the whole observatory revolves on iron 
l«fheels running on a circular railway. By means of a wheel on 
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your left, you can raise or lower yourself at pleasure, and 
observe with the telescope in any position. The whole obser- 
vatory only requires moving about once in two hours, and 
be moved with ease by one band. 

Within a year of its being begun, the telescope was rapii 
approaching its completion. The great epeculiim had b« 
brought to the right shape, and was partially polished, and &rei 
day the announcement waf expected that it was completed, ( 
at least only required the final finishing touches. Suddenly 
telegram arrived— an ominous thing. Was it to announce 
imperfect figiue ? This would be a most annoying thing, ft 
it would require the whole to be reground and repoliBhed. 
no, it was very brief, but it announced a terrible misforti 
It was a pressing request to come down at once. Tlie wi 
speculum had burst into a thousand pieces. 

It was a terrible blow, for it was the very misfortune whit 
had been prognosticated by the English manufacturers and 1 
the greater number of astronomers, including those who had hi 
much experience in the construction and use of specula. Thee 
plosion bad been terrific. The whole workshop was covered wil 
jagged, torn masses of glass, varying in weight, from ten or tweli 
pounds to .in impalpable dust. Jlr. Calver had had 
eRcape, but he and his workmen escaped without serious injuryj 
The monetary loss was great, and bid fair to be greater, for with 
the loss of the speculum tbe rest of the telescope became use- 
less. It might well seem that they were right who held tlie 
view that large silver-on-gtass specula were impracticable, a* 
from the difficulty in annealing large masses of glass they might 
be expected to break at any moment. 

Ift'ithin an hour or two of receiving the telegram announi 
this terrible mishap Mr. Common was in the library of 
Koyal Astronomical Society. \\'hile there he was met hj- 
friend, a fellow astronomer, who, being aware that 
daily expected of the completion of the great apeculi 
him for the latest intelligence. Mr. Common calmly hani 
him the fateful telegram. He was thunderstruck, for it 
unexpected, and he was one of those who had looked for 
gain to astronomy to accrue from the construction and si 
quent employment of this grand new instrument. 
expressing, no doubt imperfectly enough, hia sorrow, sympatl 
and disappointment, he naturally put the question 
can you do now ? " The answer came gently enough 
Why, I have telegraphed o\'er to Paris to see if I can't get ti 
more discs of glass. It will be one to spare in case of another 
explosion." 

Success must crown indomitable courage like this. The new 
discs arrived, and were duly transferred to Mr. Calver. One 
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selected, and, after much lalioiir, ground, polished, and 
finished. The remaining porlion of the inBtmment and the 
obeervatorj were pushed on as quickly as possible. On August 
1, 1879, the instrument was complete, and the grandest and 
most powerful telescope in existence stood finished before its 
maker, designer, and owner. 

An instrument of this large aperture will take a longtime t« 
thoroughly test, but it has stood triumphantly all the tests which 
have been applied hitherto. It has been tested on the moon, a most 
crucial test in experienced hands, on Jupiter and Saturn, and on 
£iint companions to bright stars. In all cases satisfactory 
reaults have been obtained." This proves that the telescope must 
"be at least of fine quality, and it bids fair to turn out of the 
highest excellence. It has been used to take photographs of the 
moon, with results very satisfactory to those who are experi- 
enced in these matters. There can be no doubt, therefore, of 
its claims to be a success, so that ere long it will take its place 
in the eyes of most astronomers as the greatest optical instru- 
ment in existence, and the credit of having manufactured and 
of possessing the most powerful telescope in existence has now 
passed from America back to England. 

It may be legitimately asked. What will be the future work 
of this grand instrument? Will it be used to increase our 
knowledge of astronomy, or will it be allowed to rest in idle- 
ness, like so many other fine instruments ? It is to be trusted, 
and it may he safely anticipated, that the former will be it« fate. 
It will wear out, not rust out. There is much in astronomy 
which this grand telescope can do. It can he used for observ- 
ing the faint and difficultly visible satellites of Mar^^, Saturn, 
Uranus, and Neptune. All these pressingly want observing 
and measuring, and there are few telescopes of sufficient power 
and excellence to do the work wanted. It can be easily done 
with the new one. Then there is the important question to be 
settled, Are there other satellites to those planets than those 
known ? To this telescope will fall the task of searching for a 
third and more distant satellite of Mars, for a fifth satellite to 
Jupiter, for a ninth and tenth satellite to Saturn, for a fifth and 
sixth satellite to Uranus, and perchance half a dozen new moons 
of Neptune, Moreover, there are the extremely interesting pro- 
lilems connected with the minor planets. Does Vesta, Juno,or 
I'allas, possess a satellite or satellites ? If so, their discovery 
Would l)e a great thing for astronomy. Astronomers suspect 
t.hat away beyond Neptune there may be still another giant 
planet, still another member of the solar system. If so, it will 

' Lateh' this telescope has sbown the outer satellite of Mars three weak* 
liofore it was thought poeaible it could lie «een with the great talescope at 
'Washington. 
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be very faint, and it will require a powerful telescope to aeaidij 
for and discover it. 

There is yet another field in which this new telescope ma] 
reap great advantages for astronomy. It is suspected that m< 
than one of the stars, those distant suns, may be attended 
opaque dull planets. Mathematical analysis has already pointed^ 
to the existence of these attendants. It remains for the tele-' 
scope to discover them. If the new Ealing reflector be ''really 
of the very highest excellence, it will be with that instrument we 
ought to look for these attending planets, these members of a 
foreign solar system. 

Lastly, there is the great field of photography. The new 
telescope takes instantaneous photographs of the moon two and 
a-half inches in diameter, photographs which can be enlarged 
with ease to good pictures of the moon a foot in diameter, pio* 
tures which will be valuable for astronomy, not mere interesting 
curiosities of science. It will, moreover, take photc^^raphs of 
Venus, Jupiter, Mars, and Saturn, showing much detail, and 
capable of being enlarged to half an inch in diameter. These 
planetary photographs will be of great use, as recording in 
unmistakable characters the true position and aspect of these 
planets and their satellites at different known epochs. 

The foregoing sketch will show that in constructing this 
new instrument Mr. Common has contributed in a most im- 
portant degree to the advancement of astronomy. 
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1 persistence with whith men in all ages, as far as history 
travels, have piiraued the study of flight, proves that there 
' r foundation than the mere wish to fly in favour of 
r aspirations. The hope has outlived the empirical attempts 
I our progenitors. The same examples of flight are presented 
p UB as to them. We have equally looked upon accomplished 
, viz., the transportation of heavy bodie^^ in a medium so 
1 that we hreathe it. 

lome time previously to the Montgolfier discovery, M. 
inchard had made several unsuccessful attempts at flight by 
Euw of vinge. He hailed with renewed hope the invention of 
eballooD, by the aid of which he thought that he could attain 
B buoyancy denied to him by the manipulation of wings alone ; 
'Oot only, however, is buoyancy destructive to mechanical flight, 
but the magnitude of the means employed to obtain it dwarfed 
all his apparatus. The eSbrt at flight was imperceptible ; and 
at length be used his wings in beating the air so as to re- 
tard descent, which in some cases he no doubt achieved. The 
balloon remains as an aid to man, not yet sufficiently utilized, 
although in the sense of aerial navigation its scope is too limited 
ever to be of commercial utility. The bird in the air, however, 
still continues to present itself a living witness and fiilfllment 
of a great mechanical problem up to the present time unadapted 
to man's aerial transit. All the great inventions by which the 
world has benefited have been worked out in the study, and often 
in the ill-supplied workshop of the man of science, sometimes for 
ages before the money-maker deemed them worthy of his atten- 
tion. And so, during these latter years, the subject of aijrial navi- 
gation has been approached with the certain knowledge that if its 
solution lies in the adoption of mechanical means, in compliance 
with mechanical laws, then the problem miist of necessity be 
solved by the increased, and increasing, knowledge and intellect 
of man. What, then, is the foundation for the hope that man 
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will ever be able to navigate the air ? First, of coarse, the tact 
that creaturCH poaaessmg weight are endowed not ooljr with petfcct 
adaptation of means, but with the mechanical insttDCt to pit 
them to use without waste. The stndents of aerooaotict «T 
that they can imitate Buch means. It is clear, however, that to 
oonBtrut't the required apparatus, without the attaiomeol "f 
preciHe knowledge as to the work which the apparatus is toper- 
form, would be uflelesa laboui. Societies have be^n formeil t" 
diBcuBs the mechanical conditions. The Aeronautical Socidt 
of Great Ilritain, of which I have the honour to be honorarv secrr- 
tary, was formed immediately ailer the subject was intTodu(«I 
by me in a paper read before the British Association at Bir- 
mingham in 1 865. The papers and discussions, printed in oui 
annual reports, have thrown much light upon the action of t 
bird's vibrating wing upon the air. 

We all know what this thin medium can effect when ia 
motion as what we call wind. Our critics, conrteonaly some- 
tiroefl, strive to conceal their amusement when we talk to them 
of one day navigating the air. To them the balloon, being a 
fact accompliiihed, presents the only means because of it> 
buoyancy To them the tornado presents no suggestioQ. 

Hhips, trees, houses, and towns may be scattered like and, but 
to them no idea is presented. I lately read a report of a hurri- 
cane in New South Wales in which the speed and force of tto 
air were carofully taken. For a short time the velocity of the 
wind was stated to be 153 miles per hour, and the pressure tu 
Ittss than 117 lbs. upon a square foot of surface exposed to it. 

When speaking to men of science upon the subject of th« 
navigation of the air one often hears the expression : "Yes: 1 
don't doubt that Bome day or other the question will be solved, 
btit not in our day." This ia meant to be an easy and safe wa^ 
of avoiding the discussion of the subject. The savant smiles, 
and says, "Good day to you;" and leaves his interlocutor iit 
wonderment that even with hia hands well sanded his eel hai- 
escaped him. "Not in our day," he repeats, and ponders ia 
wonder as to the true application of the expression by so tmj 
learned a man. " Not in our day ; " and why not in our day r 
Has there ever been in the world's history a time so marked 1:^ 
various diBcoveries and inventions as the present day ? 

The wonderful grasp which man has obtained of force, of tli8 
origin of which be is ignorant and of which he yet makes es* 
oellent use for many purposes which were utterly incoDceivahle; 
a few months or years since, absolutely throws into insiguift 
cance the hopes of those who desire, by mechanical means oloaQ 
to apply to the air the same conditions imparted to it by tl 
mechanical wing-action of the bird, by which it siistaina i 
motion a weight out of all proportion, in human conoeptio 




rtlGIIT AM) ITS IUITjIIION. 397 

e Burfece of its wing ; yet in exact proportion to the re- 
rements of suBtentation and progression in the atmoiiphere. 
e mechanical conditions of fliglit must, therefore, be thoroughly 
derstood before they are attainable. 
To imitate Nature is a natural and laudable aspiration, and it 
aid appear more hopeful to strive after success in obedience 
I precedent, than to attempt to put in harness an unknown 
rer for the accomplish m en t of objects for which in Nature 
rre is no visible or tangible precedent whatever. 
I venture to say that if certain recent discoveries had been pub- 
lied for centuries previously, as objects to be attained by con- 
nt study and application, the uninstructed portion of mankind 
old have held in derision the notion of a future for the electric 
^raph, the phonograph, the phonoscope, and the telephone. 
Reaietance ia no less caused by a surface in motion against the 
t than by the air iu motion against the surface. With this 
tat advantage in favour of the surface moving against the air, 
kt the speed and pressure can be regulated to the point of 
leiency and safety. It is this resistance which the bird creates 
' itaelf in the calm of a sultry summer's day by the agitation 
ita wing-surface; in obedience to which certain mechanical 
dona are evoked, tending to impel it through the still air. 
B reeiBtance to the down-stroke of tlie wing and the resistance 
the up-stroke are resolved into a au^taining and propelling 
'er. It ia conceded that any mechanical contrivance which 
. cauae the resistance encountered by the up- and down- 
oke to be resolved into a single force, must in air have the 
»t of flight, other matters being in accordance. 
But, apart trom theory, let us see what is the precise action 
the air when i^tated by the up- and down-stroke of a wing. 
We need not theorize here^wo can submit the matter to ocular 
demonstration, and the effect is conclusive as well as surprising. 
Not to my linowledge has any similar explanation been afforded. 
Take the natmral wing of a bird — -in my experiments I used 
the wing of the carrion crow, in length twenty inches — approach 
a gas flame, and wave the wing, presenting to the flame the an- 
terior edge, commencing at the base, and drawing it towards you 
until the tip is reached. It will be observed that the flame is 
Bucked in underneath the wing in both the up- and down-stroke 
throughout its whole length. Now present to the flame the 
posterior edge ; the same action is observable in both the up- and 
down-stroke, until near the tip, where the flame will alter its 
behaviour and be forcibly expelled, tbe strong current effecting 

Enetimes its extinction. 
Here we have the bulk of the wing-surface rendered effec- 
'e in support, in both the upward and downward action, whilst 
irards the tip of the wing resides the propelling action. 
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The great difficulty which the inventor has met with 
his desire to encounter the atmosphere in the manner of a bu 
has feced him at the very first step ; it is, we may say, the _ 
step, the first step in flight — flight itself by simple wing 
sctjoD. We have, however, latterly attained to this, and ban 
thereby assured ourselves that those natural flying macbine^^i 
the birds — are not supported and propelled by some occult! 
agency unrecognized in any school of science. 

That no highly rarefied air in or about the body of the bii 
is essential to flight. 

That no arrangement of fi^t.hers so that in the upward 
the air shall pass through them, whilst in the reverse 
they shall be impervious to its passage, is necessary to 
plish an imitation of flight. I have shown many exampi 
When, however, we come to the transport of weight by 
artificial means — such weight, for instance, as is presented by 
living prototypes whose shape and proportion of wiog w» 
attempt to imitate, such as the rook, the blackbird, swallow, or 
albatross, with twelve feet stretcii of wing — we become perplezed, 
or, rather, we have hitherto been perplexed, because it is the 
object of this paper to show that this difficulty is receding 
before the more perfect knowledge which is always attainable 
by those bulldogs of science who are determined to retain 
their grip of an object of which they have once realized the 
flavour. 

Experiments with the wings of the dead bird have hitherto 
been unsati-tfactory. 

I have myself not been successful in attaining ilight by the 
attachment to my apparatus of any birds' natural wings. I 
attribute this to the absence of that elasticity which per- 
tains to the living prototype. The best examples of flif^ 
by models, whicli 1 have yet attained, are in those instancee 
where the wings have been made more than usually flexible. 
This is an encouraging feature, because the manufacture of a 
rigid wing of the dimensions necessary to support a man would 
necessitate great weight ; in fact, it would be impossible to con- 
trol its action by any motive power without great danger ttf 
fracture. I have seen such a wing fractiu'ed at the Brst stroke. 
The apparently insuperable difficulties attending the accom- 
plishment of manual flight by wing action have stimulated 
efforts in the direction of plane surfaces propelled by scmwa. 

The late Sir George Cayley, a Yorkshire baronet, well knows 
for his persistent experiments for the attainment of loooEaotioD 
in the air, states, with reapect to plane surfaces, " Aboat axtj 
years ago, many experiments on a large scale were made bv Uo* 
means, some of the aerial vehicles having three or four hi " '" * 
feet of canvas extended on masts, and bmced by 
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ft surface of fifty-four square feet, weighing lllbg., was found to 
support 1261liB, in its wnft. These trials proved in a moat 
decided manner that perfect stability and giiiiiatice were attain- 
able. 

" For instance, it was proved that a man placing himself on a 
machine of proper dimensions for his weight, at ihi' top of a 
mountain, say one mile above the level of the plain Ik-Iow, might 
in calm weather, with steadiness and security, proceed through the 
air to any place he might choose to steer, about eight miles in a 
horizontal direction. Of course the line of flight would be in 
a coatinuouB descent of 1 in 8, gravity being the only cause of 
the motion of tlie machine." 

So that the propulsion of sueh a surface is not a preposterous 
idea. Mountain tops, however, are ideal in the majority of 
localities, so that, in order to find a substitute for that nirity, it 
was gravely proposed by a gentleman who called himself a civil 
engineer, that the line of flight Ijeing first determined upon, 
high towers should be erected at suitable rlislances, from the 
top of which a machine of considerable dimensions, with pas- 
sengers, might be started, and so steered to the foot of another 
bigb tower, to the top of which the machine could be hauled, 
while the passengers walked up the stairs, and were launched 
to the foot of the next high tower I 

To avoid high towers and mountains must of necessity become 
the aim of the plane-propeller, aud there is just this difficulty, 
Can he by any auxiliary power leave the ground by rising in the 
line of leiist resistance ? 

Well, this has never yet been accomplished. No speed that 
baa yet been attained on the level roail, or even down an incline, 
baa hitherto proved sufficient to enable a surface advanced at 
any angle against the air to leave the ground and complete its 
flight in the air. Of course there is a velocity relative to 
weight and surface which will affect this achievement, and as 
an experiment it will no doubt be effected, but when done it 
will only class with balloon propulsion. It has been shown 
that, as a fact, the lialloon can be propelled, and when the attain- 
ment of a speed of sis or eight miles an hour in a moving body 
of air of varied velocity, whose direction may or may not be 
in favour of the desired course, wilt conduce to the object 
sought, then the knowledge may prove useful, and the expenses 
connected therewith may count for nothing in view of its im- 
portance. 

That which I have advanced respecting the plane relates 
only to the stiffened plane surface propelled at a fixed inclina- 
tion against the air. The conditions would, I believe, be quite 
altered if the plane surface could be made to assist itself durisg 
I ita preliminary niu ; and I think that I am justified in ] 
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opinion by reference to some long-winged birds that effect tfae^ 
riM from the ground, not alone by extending the wingi M 
planus, but by using the air as a fulcrum which is increased jft 
Holidity by the multiplication of the vibratory wing-actioD. 

Mr. F. II. Wi'nham, in the first paper read before the Akn- 
nuuticul .Souicty, speaks of the eagle which he sees sitting it 
solitary al'iite in the midst of an Egyptian plain. 

" All upiiroach to within eighty yards arouses the king of 
binlH from bis apathy. He partly open^ his enormous wuag% 
but stirs nut yet from his station. On gaining a few feet motc^ 
ho begins to iviUk away. Xow for the chance lire. A cht^ 
of No. 3 from 11 bore rattles audibly but ineffectually npoa 
hix densely feathereil body. His walk increases to a run, he 
gathom speed with his slowly waving wings, and eventoallf 
leaves the ground. Rinin^ at a gradual inclination, he moiinU 
aloft, and sails majestically away to his place of refuge in 
Lybiitn range, distant at least five miles from where he i 
Some fragments of feathers denote the spot where the shot bad 
struck him. The marks of his claws are traceable in the sandj 
Hoit, a» at tirat with firm and decided digs he forced bis wafi 
bnt as he lightened his body and increased his speed ivith fAt 
aid of his wiiiffa, the imprints of his talons gradually merged 
intu long scratclies. The measured distance from the p^ol 
whuro these vanished to the plaee where he had stood, proved 
thftt, with all the stimidus that the shot must have given to hil 
exertions, he had been compelled to run full twenty yards befmt 
he could ndso himself thim the earth." 

Thun Nutun? tenches us; but there ia such an infinite v 
in the mode of flight, and in the manner of progression, both ii 
wut^-r and in air, that though we may never get the proverbi 
pig to fly, we may possibly be able widely to depart from anj 
known form. 

Thf diHirulties which inventors have foreseen, and someti 
vncountfred without fon^ght, are— the construction of win 
which MhiUl Ik' of the great lateral extension considered to b 
necessary ; — strength of struoture ;— ability to manipulate tl 
The prei^rvation of a certiiin amount of rigidity tbroiig;hiHi 
the wliole length, decreasing towards the tips, and e^pecialljl 
betwr'en the anterior and posterior portions of the winga' vdgi 
— tile great strain upou the posterior edge, which cannot i 
framed to any attachment witJiout de.'^roying the whole 
ciple of action — and the small amount of sustaining surfiice t 
reason of tlie comparative narrowne^ of wing, under whidi : 
is impossilile to see safety unless by the preservation of l 
acrobatic lialanoe. 

All these consiiierations have militated agatost the'* 
tnent of wings for progression and support npon the air. 



JLIOnT AND ITS IMITATION, 

It is evident that if the winggurface could be extended longi- 
tudinully and tliere attached, something like tbe small oiid of a 
kite, to the extremity of its backbone, thirty feet behind, the 
surface thiix exposed might be made ample enough to gnstain 
man and motive power. In fact, it would 1h' eiisy so to extend 
300 or 400 feet of canvaa by wing arms, twenty feet long 
from tip to tip ; but the aarface vKfuld iioi be in tenaUm. 

It may have been observed that the best flying kitea are 
those which " belly " with the wind, or in other words, form a 
concave towards the wind. Would such an arrangement prove 
eflfective ? If so. then I can see safety under such an extent of 
surface. I can also see that this surface would take a concave 
form in its descent, and so prove to be a longitudinal parachute 
which would bring a weight down in perfect safety. 

Is there any example in Nature which would warrant the sup- 
position that tiuch an arrjingement would be effective? Well, 
if we go to an aquarium, and watch the mode of progression of 
some tishes, we shall find that some of the flat-fish — notably 
the skate — progress by a wave-like action of the whole of their 
bodies. We cannot, of course, impart a wave action to the 
framework which shall extend oiu' canvas, but we can do so to 
the canvas, and the question arises, Will a surface so vibrated 
support as well as propel ? I can aver that a model made upon 
this principle, which I discovered for myself, behaved in a per- 
fectly satisfactory manuer. The wave action is imparted to it 
bv the vibration of two wing arms, which eausc a succession of 

Kives to flow from the front to tlie extreme end ; and I find that 
will not be difficult to manufacture those arms twenty-four 
!t from tip to tip, light, elastic, and incapable of fracture, 
consisting, as they will, of bundles of canes wrapped together 
6rmly, from base to tip, with whipcord, and tapering the whole 
by cutting off a cane eveiy foot or so. My idea is, that if the 
"lole were placed upon wheels, and a wave action imparted to 
&bric by steam or compressed ai r, it would perform much the 
le feat as Mr. Wenliam's eagle. The parachute action upon 
ition of motion leaves nothing to be desire<l, amenable as 
to proper management in the disposal of the ballast. 
The sustentation of a weight in flight by wing action de- 
tda entirely upon power, strength of material, and surface, 
power and strength are increased, the surface may bo cur- 
tailed. I scarcely, however, dare to hope for any such result as 
spokeo of by Sir George Cayley, for in that case I might expect 
that 400 square feet of canvas would support more than 800 
nmds. 

The surface, however, being its own propeller, satisfactory 

-ilts may be expected. I have a model, for instance, of the 

lensions of an albatross. Now if it is supposed that a fabric 
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is attached to the wings, from tip to tip, and firom thence taken 
to the tail, we should then have a comparatively loose surface, 
having no intermediate support but that afforded by the central 
shaft. Upon the waving of the wing arms we should then get 
a wave action longitudinally as well as laterally. 

This double action proving effective we might then have 
above us a cloud of canvas, supporting and propelling, and pre- 
senting an extent of surface that would look more like safety 
than anything which has hitherto come under my notice. To 
these advantages may be added the statement that for aerial 
transit it would be only necessary to clear obstructions, and that 
those highly-coloured pictures of so-called " aerial machiDes," 
" up above the world so high," do not represent faithfully our 
aspirations. 

I have now given the reasons for the ambitious hopes that 
some of MS entertain, and I conclude with the expression of a 
desire that more minds may be directed to the attainment of 
our objects. 




"FT 19 not a!Um tli»t a man, who kits onlv jual passed tbe meridiau of lift, 
-*■ c»n point to ho hiige a masa of original work as is represented by tlie 
noble volume which Dr. Frankland has placed in our hands. For upwards of 
thirty j^ears this distingtii^hed chemist has successfully devoted himself to the 
prueecution of experimental inquiries, and has naturally contributed, duiing 
tils period, a largre (lumber of memoirs to the transactions of our learned 
Ixidies, especially to the Royal anil the Chamicat Societies. Looking back 
CfKin the accumulated labours of his life, he baa deemed it well to gather up 
t)itfe scattered fragments, and to piece then together in connected form. 
Sul it must be remembered that the author lias done much more than simply 
^Uect and co-ordinate his memoirs. To each chapter of his work be hu 
prefixed an introduction, indicatinf; its scope, and pointing out the conoee- 
tion of the severnl papers one with another. Those who are interested in 
chemical science — whether, iu its pure, its applied, or its phyacal aspect — 
"ill assuredly bo grateful to the author for presenlinp bis work in so com- 
PUte and compact a form. 

How great a revolution has swept over chemistry since the earliest of Dr. 
J^rankland's papers were published t Ayoungcheraisl,freBh to-day from the 
Iftboratijry and the lecture-room, and who has read only modem text-booka, 
t^ould scarcely nnderstand a memoir written thirty years ago; and, on the 
^ntrarj-, if a chemist of that period had fallen asleep, and could be aroused 
'o-day. he would find our modern memoirs equally unintelligible. The 
iQrrent of cliemic&l thought has, in fact, been flowing in new channels ; the 
iotatii>a formerly in vogue has been completely altered ; the very language 
If the laboratory has changed. Above ail, the idea of atomicity or quanti- 
E^euce, an idea which lies at the root of modem chemistry, had nut been 
^□ceived thirty years ago ; and the reproduction of these memoirs reminds 
)>ie of the part which Dr. Frankland has played in introducing this concap' 
tion to the scientific world. Fully admitting what has been done hy Hucb 
^aaa se Eekul^ and Oannizxaro, it must be conceded that tlie germ of tbe 
aiodern doctrine, tbe root of tbe new theory, was due to Frankland's te- 
aiarkahle studies of tlie organometallic bodies. 

* " Experimental RosearcheB in Pure, Applied, and Physical Chemiatry," 
By E. Frankland, Ph. D.,D.O.L.,F.R.S.,&c. 8vo. London: Van Vooiat,1677.. 



FOI'ULAIl SCIBNCB BETIBW. 

In order to secure uiiifannit;/ in tlus work which U nuw Vfure u«, 
Frankland has so modified some of Lie esrly pnpers na lo brinj; tfaeai 
accordonue with modem ideas. In tritnscribing thew tuemoin be 
natuTBllj followed Lie peculiar system «f uotaUon. ThU we of eo 
expected to find ; but, uevertheleBB, we ciumot beip regretting the Step, 
fact, ingenious as Frankland's system unquestiooably i?, it uiay ha Ik 
doubted whether it is destined to Bur\-ive its author ; and it is ueKaiii t 
it never would hnre nttaioed to its present pusiiioD, liad it not bc«ii for 
Tery influential poalinn which he occupies, and the piwer which he ll 
has of leading' moat of the younger chemists. As a matter of coiirtf, I 
pages of the massive Toliime in our hands are freely bespriDklt-d with ihoM 
obtruaively thick eymholi which stand as initials to indicale ihi 
highest atomicity in the formulse, and wjlh those confusing little iiV-.whiot 
enterso commonly in ti) the formulae of the malallic radiiails, and well 
peat of a printer. 

Dr. Frankland's ri'searchcs naturally arrange themielves in the fomi uf 
triad, dealing ub they do with Pure, wiih Applied, and wiUi Piijsja 
Chemistry. In the department of pure chemistry, we lind those fuoun 
organic researches, partly analytic and partly synthetic, im which Fnnki 
land's fame was originally huilt, Knd will always rest. la the applied i 
tiou we have not only his well-known studies on gas illumination, hat i 
those investiga^ons on the pollution and puriScation of water, by wl 
Dr. Frankland's name is everywhere known. Finally, iu the physical 
of papers we meet with n reproduction uf his tcaearches 
researches which have sometimes been cited l^ dii^provc (hi< lun^«gUliGdHt 
results of Davy. 

Unclosing this work, which runs to upwai'ds uf a thousaod p*eei,«i 
must admit that it U anything but light reading. The vulaine beloi^ ' 
fact, to the class of books which Br, Johnson described sa being " mow n 
to praise than U^ read." Still, bo many of Dr. Frankland's reaenrchM )m 
become classical, that the work in which they are reproduced should at on 
take a place in every chemical laboratory and library. 
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rllS Utile work is well printed, prettily iiliistraled, and altogether 
fully got up ; but bsring said this, we ore unaUa to add much e 
its fhvour. The object of the writer has been to present the outlines tf 
geolo^cal edence in simple fashion, and with special reference to the rocta 
which occur in Ireland, It is to t)o regretled, however, that before VBit> 
taking this tauli, be did not prepare himself by n deeper study of bis sulked, 
Whether in ils geiilogy, its paltcontology, its miiiei-alogy, or it> cliHIiUiJi 
there is much in the hook to which we are bound tr) take exce))lioii. Wb^ 
for instance, con be more abeurd than the stntisment that bawilt "o 

Outlines of neology, niid Oeolo|nca] Notes on Ireland." By Willitfl 

Hughes. Third ediliou; revised, considerably enlarged, and with ninr 

"iBBtnitions. Sm. ?io, Dublin: M. H. Gill & Son, 187a 



adpaUy of wJicd, nxide of irnn, falspBr, pyroiene, alumiiio, «nd lime P " 
u Marcel; cnacranble that a writer on geologj should lure so little 
>wle>dge of the compoeition of a comman rock, like basnlt, rs to mix up 
mineralc^eal and chemical constituents in tbi» lidiculouB wa;. Bat 
ila we nre unabla to recammeod the work as n safe )|;uidi! t<> the Btiident, 
•dinil that some parts are pleasantly written, and may be read with 
vest by anyone who requires only a superfitaal -riew of geol<yy. It 
uld be Doted that the work ia provided, aa we are told in large letters on 
title-page, nith " an addenda I " 



BEE-KEEPING/ 



LTHOUOII we cannot pretend to an acquaintance witJi all the published 
' manuals of Bee-cii!ture, whose name ia legion, our acquaintance with 
arian literature is sufficient to enable us to fonn a pretty gnod judpuent of 
merits of Mr. John Hunter'a little " Manual," ti third greatly iraprored 
ton of whicli baa jiist been published, Mr, Iluuter'gites a brief sketch 
lu natural history of the ITivo Bee, in which, without going very pro- 
idly into the tnatter, he fumUhes hia intended readers, the practical 
nana, with just that amount of information which will enable them lo 
antand the mauageuiont of their hires and take an iutvlligeut interest in 
doiDgs of the little inhalritonts. lie especially expounds in a very clear 
ea«ily intelligrihle fashioit the modern tbeoiy of the reproduction of Bees, 
ided by IBorlepsch and Siebold upon their own researches and those of 

Bee-keeping has made rapid advances during the last few years both in 
d America, and the inventive genius of our cousins un the other 
>_<lf the Atlantic has been greatly eierdsed in the construction of nu- 
rotu ingenious appliances for the better management of the Beea, includ- 
j tlie observation of their doings, and for facilitating the winning of a 
han-est of pure honey without having recouifie t/> the old barbarous process 
of deetroying the induslriourt insects wluch produced it. Of the auccesa of 
these derices we have abundant proof in the quantities of honey and clean 
honeycomb -which have been of late years imported from the United States : 
and one of Mr. Hunter's objects in preparing his little book is to transfer some 
portion at any rateofthepruStaof the honey market to the pockets of his own 
countryroen. With this view he describes very clenrly the best methods of 
managing Bees, and devotes very considerable space to the conaiderBtion of 
various forms of hives, in which we are glad to see that he regards cimplicity 
of arrangement as one of the most desirable characteristics, considering that 
many of the supposed improvemcnU which have been lately introduced, are 
chieHy adapted " to increase expenee, and confuse the tmfortunate tyta in 
Bee-keeping." In other chapters the actual management of the insects with 
the view of securing the ^rreatmt amoimt of profit Irom their labours is very 
fully and lucidly explained ; and of all the " Dee-books " that we have teen, 



ropci^K saKscB i 

this euems, from its straightfomidnew, and from tlie cam wlih wliicli tlis 
authoT hu made lue of recent contributions to apiftrisn littratniT, tu be tlia 
best ftdapted to enable Anyone of moderala iniellig«nce In oart? on Bat- 
cultivation vdtli succe^ Bemdfs its tw^hnical uae, ho'venr, tliB hiiit 
volume will prove of conaidersble interest, even to the (general reader, vht 
will be rather Eurprised at the iu^nuilT of aome of the devices emplriigJ 
for tbe profit«bIa govemneot of the Idve, which used to be regardnl u i 
model republic Aiidi«w Fairservice, it will be r«-metubervd, deHcnbed Bnt 
Bs a ■'contiimaeioua generation," becaum " thev hae set d«ys in tho m*k 
to luve on, and yet it'a a common observe thut ihey will aye swa/m on ih» 
Sabbath-^ay, and keep folk at hame frae hearing the 'Word," Htid be find 
in tbe present day, he would have li-artied that it wu pos^iUe to make them 
Bwann when he thought it mo»t dedraUe. But the moat remorlcabU iain- 
ference with the internal economy of Ilie bive ii the actual regulation of the 
con^titutioD of its population, by the introductiou of '* rouudalioti coinli"' 
fixing tbe aze of the cells to be construi'ted, and consequently, in a hivtwith 
a healthy queen, the nature of tbe progeny tu he reared. 
The little book ia well and copiously illustrated. 



GANOrS PH^'SICS.' 



WHEN a work has attained to tbe pusillon as nn educational text-book tbit 
JB enjoyed by Dr. Atkinson's English edition of Ganul's "ElemeiiBof 
Pbyacs," tbe reviewer's work, as each eucce«aive issue mak«fl its nppeanDM^ 
is reduMd U* a miaimiim. For all pnictical purpoaea, a more stal«m«tit i^ 
tbe fact i-i sulbeient, and we have much pleasure in announdng tbe pubBotp 
taon of n niiith eilition of the above-mentioned admiiable hiuidbook. In lliili 
ae in each previous issue, the bulk of the book ha.1 somewhat inereased, n 
that it now constitutes a very stout volume, lending in fact to become partly 
with advancing yean^ In the present edition we dnd, besides : 
her of minor altemtione and additions scattered throughout vari 
of the book, very clear and explanatory descriptions of those curious iiii 
tions which have made so much noise in the world during' the hut 
years, such as the telephone, microphone, taximeter, and phonogra{& 
electric lifrht also cornea in for its share of attention ; and these 
subjects seem to occupy almut half the twenty-five pages wbjcb, a* 
AtkinsoD tells lis, have been added to the bulk of the volume. 



A" 



GRAV.S BOTANICAL TF..VT-BO0K.t 
FTER the lapse of two and twenty years, tlie veteran Aiuerican 

Professor Asa Gray, bos commenm.id tlie publicntion of a now {«Ml 



n Physics; Exprrimenlal and Applied." 

ot's " El^monts de PlivMqup," br E. AtldnM 
Ph.D., F.C.S. _ Ninth Edition. Revised and Enlarged. " " " '"^ 
IjOngmfi ns. 1 870. 

1 "Tbe Botanical Text-book." Sirth odition. Part ... 

Botanv or Organography on the Basis of Mnr|ihiilogv, &c. By Ant Q. 
D. 8vo. New York and ducsL-o: Itison, Ulaiiiiisn, Ta^b>^ & Cl 
w: Triibner. 1879. ' ^ 
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editiou of his wull-known " Botanical Texl-boolt." The foundation of tik 
elaborate work b to hp fouud in a amall book published under the title of 
" Elements of Botuny " ruore thiiQ forty years ago, wiiich was followed in 
im, tlie year la which th<^ author entered upon his professorial duties in 
Harvotd University, by the flrot edition of the " Botanicid Tuit-book." In 
thif, aa in the present issue, the author foundH all his work on n luorpho- 
lo)pcBl bofflB, a mode of treatment which was novel wheu Srst adopted by 
him, but which most recent wiitura on the priuciples of butiiny have 
adopted. 

By the development of the vuhject, aud perhaps of the ideas of the autbor, 
'e plan of this sixth edition hae been mudi enlarged. Instead of ti tdti)(le 
} consiHt [>f four, the Srst of which only is now before uf, 
led excliudvely to Blnictural botany and the principles of systematic 
r, Trith reference, however, solely to phwnojmmoua plants. The treat- 
it of the sulijeut is the same as in former editions, proceediiij^ from the 
pWganogmphy of the seedling pknt to trace the structure, form, and armnge- 
[ nent of all the parts to be developed from it, but in the details we find 
I ^Bach that is new, us might indeed be expected fnim the adi'oiices that have 
I ken made in botany, as well as in otlier departments of Natural HistJjry, in 
e last twenty years. Thus, to take a eiijgle example, we tind an entirely 
iw section introduced, dealing with the various adaptations of Howera for 
^Tto tetcrosMPg and close-fertilization, in accordance with the views so convinc- 
ag\y put forward by Mr. Darwin in various works, and suppctrted by an 
messe body of observations recorded by other nntura!ii>ts, now constituting, 
U our author says, " a copious special literature." 

In the chapter devoted to Taxonomy, or the rrinc-iplcs of Botamcal 

ClitBrilicatioD, the author expounds bis views upon the otiirin of spedes. 

He accepts the doctrine of ei'olution in the following sense; Variation, "if 

i called out by the external conditions, is by way of internal 

a them. . . . Each plant," he Itolds (with Nageli), " has an inteiv 

J tendency or predisposition b> vary in some dlieclions rather than others ; 

1 which, under natural selection, the actual difTerentiationa and adap- 

ive proceeded. Under this assumption, and token as a working 

», the doctrine of the derivation of species serves wi^ll for the co- 

itation of all the facts in botany, and alfords a probable and reasonable 

a long fiiriei of questions which without it are totally unanswer- 

It is supported by vegetable paloaontology, which assures us that the 

inta of the later geological peiiods are the ancestors of the actual flora of 

F^ world. In accordance with it we may explain, in a gof«l degree, the 

present distribution of species and otlier groups ov-er the world." 

The tenth and last chapter in the book deals with Pbjtogvaphy, or the 
Dotnenclature and method of de^criUng plants, and includes also a few 
remaiks on the formation and management of the lierbarium, and a list of 
the uaual abbreviations of the names of botanical writers, A copious gloe- 
ulial index concludes the volume, which is beautifully printed and copiously 
indwell illustrated. As the author soys in his preface, "It should thnroufrhly 
equip a botanist for the scienliBc prosecution of systenialic botany, and fiuv 
mab needful preparation to those who proceiid to the study of Vegetable 
Pby^oI<^y and Anatomy, and U> the wide and varied department of Crypto- 
gsmic Botany." These two branches of the science constitute the subjects 
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Ut}pi trotted of in lh*f next two Tolmxie^y the prepustioD </ whidi ]»» Iwen 
}jjuid«^ over bj the waik(tT to }ii« coDpaguee, Prafcwor GoodaD and Ihofe as o g 
Fariow. The fourth TolunMf^ innng a alEetch of the Datoral orders of piano- 
gamouif pUotii, with 'ither gparial tofonnatioii, Prafeaaor Gray sar? that he 
rather hopes than expects himf^lf to prepare. We ancerelT trim that 
ho]W may }je folfilled. 



THE CAPERCAILLIE.* 

IT is B^i long BiDce the present writer had the plearare of feeii^ a ceitain 
brx)k which once upon a time made a connderahle noiae in the world, 
nameljy MacPherson^s version of the Poems of OBnan, that he cannot nj 
whether the Great Cock of the Woods figures theron, ahhongh his impres- 
sion is that it does not. Netertheless^, there can be no doubt that this hiid 
ou^bt V) have made his appearance somewhere in the poetical record of the 
doings of the Fingalic chiefs. In the dajs of flngal he nwst have been 
abundant in many parts of ScotUnd, and as he inhabits, not the inacoeasiUe 
summits of the mountains, but the wooded region near their foot, and, being 
nearly as big as a turkey, furnishes no contemptible supply of savouiy 
food, we can hardly suppose that his body was absent from the feasts with 
which the warriors of those days prepared themselves for those copious liba- 
tions of whisky (varied occasionally, no doubt, by a little dirk practice), in 
which they celebrated their feats of arms. 

Even in later days the records of the occurrence of this grandest of all 
. European game birds in »Scotland are of the scantiest description, and. the 
earliest of them, an often-quoted passage from the description of Scotland by 
Hector Ikwtius, date.'f onlv from 1520. From this time down to 1700, about 
wliich date the species appears to have become extinct, we have only a few 
scattered references to the existence of the bird in Scotland. Of its presence 
in Ireland, the evidence, although sufficient, b. still. more scanty. Tlie earliest 
references are those of Oiraldus Cambrensis, and Iligden, the monk of Chester 
( 1 357-1. 'i87), both of whom mention " pavones silvestres," which in all pro- 
bability were Capercaillies. In Ireland also the species appears to haVe 
become extinct about 1 700 ; although, according to one authority, the birdfl 
still existed in that country as late as 1787. 

All the references to the former existence of the Capercaillie in the 
British Islands have been carefully brought together by Mr. Ilarne-BrowB, 
in his book, entitled, ** The Capercaillie in Scotland ; " in which he also dis- 
cusses the origin of the names given to the bird, of which the most correct 
would seem to be Cnpullcoille^ signifying " Horse of the Wood." By Boetius 
it is spoken of as the " .\uercalze,'' which is interpreted in like manner, and 
this name is of interest from its connection with the German " Aufrhahn" 
(Biw)n-cock), represented by the I^atin word UrogalluSy which was adopted 
by Linnreus as the specific name of thb great grouse. Upon these and other 
critical points the reader will find abundant information in Mr. Brown's 
work. 



• " Tlie Capercaillie in Scotland." By J. A. Ilarvie-Brown, F.Z.S. 8to, 
Edinburgh: Douglas. 1879. 



BHTIlWtfi - 



With re^Mci bi the eitinction of the OaperoLillie iii tha British bknda 
■ ceotuiy auo, tha author is i)f opinion that this moa due mHiiily to 
deatniction of gteat forest tracts hy live, Ibe cuttinif don'u of tlii' sanie 
ui. . , . . anil the wonting awn; of the furests tvom nattinil causee, by 
of dry forfiti into bo^s and iiioni9»es, and,Tt»ulting fioin thiB, 
of, and chnn)^ in, the food of the species," which, as is well 
ists for the fireatar pnrt of the younn shoots of firs and lurches. 
of population, do doiiht also, as suggested by Mr. Oolquhoun. 
hfiTe had some shart- iii bringing abiiut tlie extunnination of tlio Wood 
; bat it is mainly to tlie destruction of the forests, witli no adequate 
replacement hy tlie systematic planting of uew woods, that the author ia 
inclined Xa ascribe the diBappenrance of the spnes. Some Iri^h wrilsis of 
the last century who witnessed the estinction of the bird in Ireland, express 
the same opinion. 

The nioHt interesting nnd iiiiportant part of Mr. Brown's book relates to 
the re-e.ilablishtnFut in the Briltnb Tslaods »f the great Wood Grouse, and is 
reault of a series of minule inqiiiriea instituted by him with the object of 
precise information lo be used by Profesaor Newton in his edition 
Tarrell's Brili»h Bii'ds " now in proiijess. From this wo learn that, 
several unsuccwjaful attempts, a considerable number hf the ;hiTds im- 
ported from Sweden were introduced on the property of Lord BreadallJanB 
it Tayiuouth in the autumn of 1837 and the spring,' of 1838, aiid that the 
progeny of these and subsequent coboisls have not only established them- 
nelres on a firm footing at the original locality, but have also, as detailed in 
the 'text, and sliown very clearly on a small map accompanjing this sectiou 
of the book, spread in Tarioua directions over a considerable portion of east 
eentrol Scotland. For the most part thia redistribution has been cRected hy 
the birds themselves, and the means of watching in a convenient fashion the 
perfeetly natural exiension n! a ppecies over a large extent of country is thua 
afforded to the naturalist. "The course of events seems to he somewhat a« 
follows : — When the Capercaillie population of a (tiven locality becomes too 
bu^efor its resources in the way of food, some indiHdual* (generally, if not 
alwavs, females) start off in search of a new abode, at first naturally follow- 
the line of the valley in which ihey find themselves, but also not un- 
.faquently taking a freer flight, sometimes to very considerable distances. 
"~ females usuolly precede the males hy one or two years, and owing pro- 
ibly to this circumstance, hybrids between the Black Cock and the Caper- 
unfrequent in localities inhabited hy tha former. The estab- 
Ushment of the species generally takes place very soon after the arrival of 
the males. 

On the mainland of Scotland unsuccessful attempts to establish the Oaper- 
caillie have been made in several uf the aouthem and western counties, and 
Dotahly in Ayrshire; but in the island of Arran they have been introduced 
by means of birds obtained fmm Taymouth and Sweden in lei's and 1840. 

The re-establishment in Britain of this Hoe game biid appears not tn he 
tegslded with unmixed satisfaction by nl) parties. At least two grievous 
charges are made against liim — namely, that he causes considurahlo damage 
to TOiing trees by feeding on their growing shoots, and that he drives away 
.or otherwise causes a diminution in the nn mbar of 1 h^_ ffagk Grouse. 
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KiCIEKCE BETIEir. 

the first of thwe cliarvM Mr. Brown does not, ve think, wholl* aeqnil ifcfl 
CapercaiUici, Kltlwugh be argues ^tronffly for ita extenuation, iirgui|r 
ally that much of the actual dama^ b prohaliiy done by BqitimJ* and ottNV 
diMtroj'eiB; whiL't he incHnw to tUnk thnt ■ (Trent denl of apparent 6 
ie ine to tLv fiiot ibat uiany nunerviD^n ii>.«iii lo S)ippl3' plMilani nith tK 
inferiur race of wedlinga, which ctiuld never under my dn.'uiu«t»ncv« 
good trees. Of the eecond crime charged agninst the Wood Oroate, ou lla 
other hand, our author thinki he ie not gruilty, and accounta for tlie uiidoabUl 
decrease of the black game, which tnkea place in localities wherv no Capi^ 
caillie has yei shown his beak, by chanj^ in the condilioD of ihir i 
brought about b; diainafce and other imptoveuente. We cnnnot folknr 
Mr. Brown further into this interesting question, but will conclude by 
cnnuuending all eameet oniitbologista to buy hie booh and read H (or thi 



RECORDS OK SCIENCE.' 



W 



e glad to «ee that Mr. Speucer F. Baird coolinuej, with the w 
Biic«— as he justly saya—of eminent men of scienci!, the pubUcatJoBtf 
hisexcellent" Annua! Record of Science and InduMry." Hie volume for It^ 
coniains a useful summary of th« progress of ecience duiing the jeM, on* 
fully classified under the inrious departments, and each section beariiiic d 
its head the name of a laoaitl by wbom, or under whose superioteDdeuM ft- 
baa been prepared. As a matter of course, it CAcnot be eipvcted that e 
published scientific paper or work con be referred to in a sumouiry exten 
only to about G20 small octaTo pn^es; but, so for as the writer can ji 
from an ina pect ion uf those parts with which he is mosttsiuiliar.thsM' 
of articles to be noticed has been veij judiciously made, and few impo 
contributions to Kientific litetature are pnaiied tub tUeniia. The Bnmmll 
themaelTeB are also very nell executed. U'e would suggest, however, tl 
the utility of the work would be gresllr increased, if refenmoes wen in H 
CB«es giyen to the s-iurce» of the varioua articles. The Tolume condud 
with a Necrislop'y and a BiUiography of " select " works io science. 



BRITISH PLAXTS.t 



IiHEworknf acataJt^ue-makeris generally regarded with but little fiinMd 
but there are few things for which the student of uatural objooU k 
more occaxion to feel grateful, than the production oFa judiciously praparti 
list of the sut^ectsof Us sludy. The writer of a manual, no doubt, peifit 
higher service to bis fellow-workera, and his labours may ofl«n be woui 
enough, but he is at least eust^ed under their prewure, by a pertain tt 



' Annual Record of Science and Indurtrv, for 1878. Edited hy 
F. Baird. Svo. New York ; iln-rpcr. Lo'ndon ; Triibner. 1878. 

t The Sludeul's Catalogue of JtritiBh Plants, arranged aocordinff lo 
Student's >1nra of the Bntish Islet, by Sir J. U. Hooker. Compiled l^ : 
Rev, Goorgo Ilpntilow. 8\o, London : Bateman, PortUnd Town, IW*. 



of doing eometbing origriiut], with nbich the cumpiler of a rnvta caUlogue 
Mluiot coDBole himeelf. The Rev. Qeurgi! Ttenslow htis just put in tins lost 
a to tile gratitude of English botauial^, by tbe publication iif a, " Student's 
kCfttalogue uf British Pknts," founded upon Sir Joseph Hooker's "Studnnt's 
iflora," and indicating all the species and sub-spcie», and the chief recognised 
.Tftrietiea of the " British Phanerogams " and " Vascular Cryptogams." The 
iJBiiiplilet has been pricately printed, hut Mr. Ileusliiw liaa placed copies in 
lihs hands of a bookseller who nil! send them to piu'chasers by post. 



ilTBO&I the '' Geological Surrey of Canada," we hai 
■L narts of n work on the Mesozoic Fowiils of certa 



CANADIAN PAL.EONTODXJY.' 



'ceived the drrt two 
parts of n work on the Mesozoic Fowiils of certain outlying parts uf the 
great region to ivhich its investigntjoae are devoted. In the first of these, 
published three years ago, Mr. J. F. Wliteavea describeg and figures a seiiee 
of fossil luvertehmts, chiefly MoIlusCB, collected by JiIt. James lUchnrdson, 
trota tbe coal-bcaiing rocka of the Queen Oiiarlolte Islandsj in tbe second, 
the tame palteontologist deals with the fossils of ilic Orotaceoiu rocks of 
Tancouver, and adjacent islands in the Strait uf Georgia: those deposits also 
mntaining beds of coal. 

In the cose of tbe rocks of the Queen Charlotte Lilandg, the esamination 
•ipf these fossils is of particular intere«t, na they seem to show clearly that, so 
'bi as can be judged by their Fauna, these deposits occupy the same inter- 
'inediate position between tlie Oolitic and Cretaceous series, as interpreted 
'Iff European ty-pes, which seems to belong to several groups of rucks in 
dDther parts of North America. The general diameter of the Fauna appears 
4o be like that of tbe Shasta group uf Oalifornia and Britieh Onlumtiio, of 
ilvliich the author thinks it will l>e advisable to regard Iheiu as representing 
of the oldest members ; at least, until further information on tbe depo^iu 
tgtonped together under tbe above name shall be obtained. 

The fossils from the Vancouver district, on the other hand, are of unmis- 
takable Cretaceous age, and are considered by Mr. Whiteaves to indicate that 
the depoats from wliich they are derived are the equivalents of the Euro- 
pean Upper OretncBOua aeries ; at least, so far as the four lower divisions 
which he diatioguishe? among them are concerned ; with regard to three 
i^iper divisions, it is uncertain, at present, whether they ate Cretaceous or 
Tertiary. 

These publications on special departments of KoHh American PoIkou- 
tologj will he of gi'eat interest in the discussion of the equivalence of the 
North Ameiican and European Cretaceous deposits, and in the wilution of 
the great question of the sequence in time of the formations in various parts 
of the world, if tliat problem ia destined ever to be solved. The total numlier 
of species noticed or described are 45 in the first, and 94 in the second pai-t, 
ud 17 species in each series are regai'ded as previously undescribud. The.se 
■nd the gretiter part of the known species are very well figured upon 20 

• i 

Svo. 
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BUIINIIAM BEECHES.' 

ANCVrilEU volume from the pen of Mr. Heath, the writer of sereral 
bookii on trutm nnd ferns, which have been at different times noticed in 
our |)AKoii, hmi lately reached us, of which at least it may be sud that '' it is 
only II vnry little one," although we fear it can hardly hope for a much longer 
ifi^ than the unfortunate infant for whose appearance in the world the same 
4«x(*uiMt was ma<le. It is indeed far from bdng one of the authors hapjoest 
(ttVorts, and tltouffh we are assured that it has been written con amore, it 
utMMnN to la(*k the freshness of his earlier works. Bir. Heath had, however, 
mnxxn claim to bo hoard on the subject, as it was through his representations 
t(» the ( ^)ri)orati()n of tho Oity of London, that " the Beeches ** were preserved 
fVom th(« inroadM of suburban villa builders, and have now become for all 
tlmo thn property of the inhabitants of London. In the '* Keepsake *" of 
1H*J0, Iltniry liUttroll wrote of Burnham Beeches — 

** ( > ne'er may woodman's axe resound, 

Nor tempest making breaches, 
In tho sweet shade that cools the ground 

lltnioath our Burnham Beeches ! ** 

to which Mr. Ilouth apivundsa note: — ^^O prophetic soul! a nineteenth-cen- 
tiiry population has n»-oohocd your wish, and a nineteenth-century Corporation 
of I<ondon hait ntriu'k tho woodman's axe from the woodman's hands. May 
tho MompoHt* Ih* ojpmlly mow'iful ! " This is all very well, but we would 
vonturo to suyrgtvst that i\xU verse contains no prophecy ; and it is sincerely 
t4> 1n« tniittiMl not only that this charming spot will be spared by the tempest, 
but tliat it will i\Uo ostNipo that utter desecration at the hands of a rabble of 
holi(la>-tuaKorM to which unfortunately some other recreation grounds for 
liomlon an* n^j^ulnvly Hubjootinl: Half the charm of rural and especially of 
Hylvan noonory arinoM Iwm tho si^nso of comparative quietude and seclusion; 
and if swings, n>undrtlH)utH, and donkey drivers once gain a footing in the 
Hurnhani Paradiiio. nu)j»t of Uv^will lx> inclined to echo the closing words of 
tlu» **ptH»t*' just ((uotod, and say 

*' rarewoU to Burnham Beeches I " 

Mr. lloath's littlo volume is vorv* pn»ttily illustrated, chiefly with wood- 
outs fn)ni hiM nanuvsako's beautiful photographic views. lie also gives sn 
\)utlini» map of tho locality. 



• •• Burnham IVKwhos.'* By TVancis George Heath. 8vo. London : Samp- 
Hon Low, Marston »^ (\\, 1870. 




AXTlIItOPOLOGY. 



Sriic/it/pfphalitiii aiul CiviUsatiim. — Professor Vircliow has auggested tliat 
doliuhocephftlouB races mny become Vacliycephaloua by thi- solo agencj of 
eivilizfttioii. To test this view, M. Lusclinn 'hBa undertaken a number of 
inves%ationB iato liiti coateotg nf (lie greal oseiiuriea of the Qermnn pro- 
vincea of Aiwtrin, dating bitch tn tlie fifteenth nnd fdxteetitli ceoturies, nod 
communicatad his results suDimaiily tt> the Freuch AHsociatioii for the 
AdvBJicement of Science (1878, p. S2C). At Miidling', iu Lower Austria, 
lie found the crania of the fifteenth century of a very pure dolichocephalic 
typo with a mean index of 68. The present population of the village is 
brachycephalous, 'with a mean index nl more tlian 60. 

Analogous results were obtained in many ossuaries in upper and lower 
Austria, in OarinthiH, and in Salzbui'g. Sut in others, such as tbat of St. 
?eter im IIolz, near Spitol, in Cariiithia, all the crania from tlie sixteenth 
century down to tlie present day were dolichocephalouf. Now the popula- 
tion of St. Peter im HoU hna the same schools, the somu language, the 
same laws, and the same degree of civiliiation as that of Hodling ; and it 
is consequently hard to say that at Modling the crania have become braeliy- 
cephalous by civilization, wlulst under the same conditions, they have re- 
mained dolichocephalous at St. Peter. 

There must therefore be another cause for brachycephalism being so pro- 
minent iu many parts of tlie German protincea of Austria. Aceordingr to 
M. Luschan, wherever bracliycephnloua crania aro fonnd, the state registers 
shoiw Sclavonic names, and it may be nscertaiued in all coses either from 
hislorj, or from the registers, lliat a more or leas abundant Slav immigration 
took place into tliem during the sixteenth century. Some ossuaries in 
Boraria hat'e ftUTUshed tie author with similar results. He regards it as 
certain thai in Austria brachyeeplmlism has been produced not by civilixa- . 
tion, but by Slavs; and he thinks it very unlikely that the Prussians have 
acquired their remarkable broehycephali^nn solely by the influence of culture 
and civilization. 

The Age of Stniie in Chimi, oiiii the Chinese Oriffiii of the Cretiiation of . 
the flmrf.— AfcotdiiJg lo M. Zaborowaki {A»«oc. Franr. Avancem. Sci., - 
1 878, p. 83fi), Uie age of stone was only a matter of tradition iu OUno at ; 
the earliest period of history, and eveo then this tradition was coupled with 
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HU]wr8titioii.«. Tbo hintorianB, however, state tliat Chio-DOiiiig (bxl 2737 , 
and Iloaiijr-ti (n.c. 2007), still employed stone in the mannfactuie of thdr 
weapinH. But a^ early as the reign of the latter prince, the lebel Tcki- 
Ymn of tho country of Kiou-li made use of metallic arms. In tlie Choii- 
Kinj^ it in stated that in the time of Yu (B.C. 2200), the sayages near the 
rivors 11 o and Kian^r brought as tribute, iron, tUver, tted^ tmd ttame mrrmt- 
hrmh, Tiio last w(»r(; therefore already regarded as rare and piecioiisolgeetF, 
fiN they won*, at a later period, to judge from an anecdote here related. In 
tli<* y(*ar 41)5 li.c, Confucius being at the court of Tchin, a Urd pierced bj 
an arrow with a Hton<i head, fell upon the terrace at the feet of the EiQg, 
who MMMiiH to hay<4 Ix'en rather alarmed, and coasnlted Oonfucius on the 
Hubjo(;t. Thf ])hiloM)})her told his majesty that the arrow-head was exadly 
likf' that whirh Wou-wang liad presented as a symbol of royalty to the prince, 
for wliosr b*nriit he founded the kingdom of Tchin. The King, searching 
among the precious relics of his ancestors, actually found a stone arrow-head. 

In the history of King-Tcheou, it is related that a block of granite existed 
in th«> district of Sin-ho, still haying traces of the polishing of stone imjde- 
nients; the inhabitants called it ''the dormant mill of the thunder god.** 
It i^ cnrious to find this a^^sociation of stone implements with thunder pre- 
yalont in China as in Europe. Among some pretended celestial presents' 
br.iught to the Kmperor Sou-T»oung (a.d. 766-702) by a Buddhist priest, 
there were two fragments of jade forming a polished hache, which bore the 
d«vignati(in, *' stones of the thunder pod.** The very great antiquity of the 
civilization of China is regarded by M. Zaborowski as an additional proof 
of tlko great lapse of time thnt nmst have occurred since the use of stone 
imj)hMn(Mits was general there. 

With n»gard to the cremation of the dead, M. Zaborowski remarks 
that this practice spread oyer Eurojw at the commencement of the Bronze 
ugts and that it did not come to us from Egypt or Phoenicia, as neither the 
lVyptit^»« J><*r tli® Phwnicians burnt their dead. On the other hand,crema- 
X'lnn was practised in India fnmi the most remote antiquity, and in China it 
u)>pears that before the year 1122 u.c, straw men destined to be burnt were 
carried in funerals, but at that date these were replaced by wooden figures. 
( 'onfucius refers to this change in terms which show the religious nature of 
tlie practice; he snys: '* Those who made sjn'rits of straw were regular; 
those who made men of wood were irregular." The practice seems to sym- 
bolize a still older one of burning the body itself. 

.\t tlie present day in China cremation is rare, and the remains of the 
(ItMid are only burnt at the end of a year. But the practice prevails in Cochin- 
(Miina ; and in the time of Marco Polo it was in use all over the extreme 
e.'k^t of Asia, where it may be suppa**ed to have existed from the earliest 
times. From this same n»gion, he believes, the bronze industry came into 
luirope. 

Ciqmcity of the Cranium in Man. — M. Anoutchine has found reason to 
doubt the absolute trutli of the maxim tliat in the human species the most 
TtUuminous crania bt^long to the most intellectual races, and in each race ti) 
tlie ma^it intelligent individuals. In support of this opinion he gives the 
following list of cubic contents from various authorities, but all taken by the 
same process : — 
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Cub. cent. 



Cub. cent 



Russians (Lauzert) . . . 1,471 

Tcliiiktclii (Wyman) . . 1,468 

Slovavea (Weissbach) . . 1,467 

Czechs (Weissbach) . . 1,466 

Ilunjrariuns (Weissbach) . 1,437 



Germans (Weissbach) . . 1,521 

„ (Welcker) . . 1,448 

Croats (Weissbach . . . 1,490 

Kalmuks (Metschnikoft') . 1,498 

Chinese (Liic8b) .... 1,482 

Koumanians (Weissbach) . 1,478 

The Kalmuks and Oliinese have a greater volume of the cranium than 
tveral European nations, and the Tchuktclii are largrer than the Hungarians, 
he large size of the heads of the Kahnuks has been observed by several 
jyagers, and proved by actual measurement by Metschnikoff and Von 
aer. 

With regard to the pre-historic races of Europe, M. Anoutchine thinks 
'6 cannot say absolutely that the volume of the cranium was less in 
lem than in modern races. Tlie mean volume of the craniium in modern 
Parisians is 1,568 cub. cent, (in the women, 1,337). Of pre-historic crania 
^e have : — 









V.u\ cent. 


Cranium 


of Cro-Magnon 


• t 


. 1 ,560 
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• • 


. 1,500 
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Crenelle . 


• • 


. 1,530 
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L'Homme Mort. 


• • 


. 1,006 
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La Truch^re (estimated) . 


. 1,925 
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SolutrtS 


• • 


. 1,660 
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. 1,428 
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Furfooz, Young 


• • 


. 1,300 


ty 


„ Female 


• • 


. 1,460 



Thus these pre-historic people do not appear to have had a cranial capacity 
ecidedly less than that of the existing l*arisian. In the race of Canstatt, 
ad the Neanderthal man, we have a different state of things, the latter being 
stimated to have had a cranial capacity of not more than 1,200 cub. cent, 
(ut this character may have been individual and exceptional, just as Kay 
lysse, a Dane who played an important political part in his country, had a 
apadty of only 1,260 cub. cent. ; and Luschan has measured the brain of 
Hungarian of only 1,196 cub. cent. 

As regards the difference in volume of the largest and smallest adult 
iale crania, and its supposed increase with the civilization of the race, M. 
inoutchine points out that although Le Bon has found this difference to be 
92 in modem Parisians, and only 472 in the Parisians of the seventh cen- 
ury, whilst in the Australians it is only 284, Mantegazza has foimd a diffe- 
Bnce of 633 among the Papuas of Xew Guinea, and Metschnikoff one of 639 
mong the Kalmuk^. Xor does he think it an absolute fact that the dif- 
arence of volume between the male and female crania is much greater in 
ivilized nations than among half-savage peoples. Thus Welcker finds, by 
he comparison of thirty crania of each sex, that the mean difference among 
he Germans is 148 (1448-1300), and Mantegazza gives it as 140 (1426-1286) 
mong tlie Papuas. The two numbers approacli closely, but the difference 
n the civilization of the two peoples is immense. — {Amoc, Fran^, Avancem, 
ScL, 1878, p. 863.) 
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AHthi^oftometiy. — The Anthropometric Committee of the British Asaocii- 
tiou appoiiitod for tho purpose of making a systematic investigation of Uie 
heights, weights and other dimensions of the human inhahitants/of the 
empirw laid their re}K>rt before the Association at the last meeting. ' Thej 
stated^ that ovmsiderable pn^gress had been made in carrying out the ohjecta 
of the Committee during the past year, returns haying been obtained giving 
the larth-place, ori«:in, and :<ex, age, height, weight, colour of hair and eyes 
girtli of chest, and stn^ngth of arm and eye-sight, of a great number of 
persons, including pupils at Westminster and other schools, London pohce^ 
men and letter-sorters, rifle volunteers, soldiers, and criminals. The Com- 
uiittee had thus pnvured nearly 12,000 original observationa on the questioii 
of height and weight in relation to age, in addition to 50,000 prenoosl? 
coUeoti'd. Frvuu tables embodying the results of these inquiries, it appeared 
that the I<^nidonletter-«>rtePB were the lowest in height, the average between 
the ag\»s of 2v> and .'V> being 04-07*1 inches. They were also the lowest in 
point of weiirht. Wing only from 122*5 to 139*9 lbs. The metropolitan 
IK^ioi* stiHHl at the ht^d of IxUh lists, height 09*2-71*5 inches, and weight 
I02*r> lv*^2'7 IK'S. Fn>m other tables it appeared that the average of wdght 
and height vrtrio* with the stH*ial pi^ition and occupations of the people, bo 
that to arrive at the typical prv^portions of the British race, it would be 
n<Hvssary to uieasim* a pn^ponionate number of individuals of each cla». 
Taking the census of 1S71 as a standard, a model commimity should con- 
sist of 14 S2 per ivnt. of the non-labouring class, 47*40 per cent of the labou> 
ing class, and ;Cr2 per cent, of the artizan and operative classes. The 
ntHirxvHt upprv^ach t«» such a n^pri^entative }K»pulation will be found in some 
of the largi»r iMunty towns, such us York, I>erby, and Exeter. In the pro- 
fessional class the full status* i<nltmr.od at lM years, and in the artizan cla.«^ 
Ivtwivn -o and ;U\\cars. Acoi^rding to s<^nie American statistics a slijilit 
inciva?H» in height takes plact^ up to the oolh year. The gi'owth in weijrlit 
d^vx not coasc with that o( the stature, but ct^ntinues slowly in both clas>e> 
up to alnnit the oOth year. >iniilar invtstigations which have been madt> 
in other countries ha\e KhI >v^ far to coincident results that it is hoped that. 
in cours** of time, infonuation i»f gn»at value will be elicited. — (Aa/Mr^ 

18 Si^pt. isr9.> 

Ihiff* of fhf ArtsVr/ri'c .■(i/<». In a paper read before the Biological Section of 
the British Ass^^viation. Mr. :S. B. J. Skertchly propounded a new estimate 
of the date of the Neolithic Age. based ujhmi calculations made in the Fen- 
lands, ociMipying an area of l.:llK) squan* mile-*, an>und the great bay of the 
Wash. The surface of the inland jK^riions of this area consists of peat, and 
that of the seaward parts of marine silt. This silt is still in progress of de- 
l>i>siiion, and, fnnn the time of the Boman occu]iation at least, banks hare 
bet»n successively erected to ixM?laim the newly-formed ground ; and, as the 
dates of these banks art^ known, very accurate estimates can be formed of thf 
rate at which the deposition is going on in diflerent parts. The maximum 
rate is, acci»nling to Mr. Skertchly, tit\v-nine feet per annum ; and four mile^ 
of new laiul have Ikmu formed since the oldest banks were erected. The* 
banks are generally ascribed to the Bomans, but the author considers that 
they are probably British. In forming his estimate, he has, however, taken 
them as Boman, in order that their age may not be over-e.'?timated, and the 
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J rate of depowtion has also been uaed, as giving the miniinum of 
He coiuudeTa thut the gaulogieail evidence shows that a^ the ailting' 
Itant on, and the area become converted into land, peat grew, and gradually 
pre«d -jier the newly-formed groiind. But, in prooeaa of time, the climata 
wcfune iinauiled for the grtiwth of peat, which gradually loat its vigour, and 
^wlly ceased to fonn. Hence a wide stretch of Bilt-land borders the Wash, 
^Bn the surface of which no peat has ever formed. The peat died upon its 
Btward march -, the silt still travels od. The nearest approach of the peat 
^ffiie bonks along the line of most rapid accumulation, is twelve miles dis- 
Klt therefrom. The age of this, the newest peat in the renland, the author 
Stinks can be thus determined. Between the " Roman ^ banks and the sen 
i« four miles of silt, which hna takeit 1,700 years to accumulalo, Between 
iutao banks and the peat tie twelve miles of silt, which, at the same rate of 
!orm*tion, would take fi,100 years to accumulate. Adding 5,100 to 1,700 
r«*rB, the author finds 6,800 years as the least possible age of the newest 
pCdt. This peat has yielded many nt'olithic implements ; hence we may 
usume that 7,000 years will take us bach into the neolithic age, The 
Uithor remarks upon the coincidence of this estimate with two Swiss ones 
previously referred to, but observes that these results do not give us the 
date of the introduction of neoliths into Europe, for neither in the Swi.-« 
nor English localities are we sure that the neolithic relics belong to the 
early part of the neolithic age. The author further states that he has re- 
cently obtained evidence of neolithic handiwork in Fonlond peat of far 
greater age than that described ; the peat-bed underlying silt more than 7,0(K) 
years old. He is inclined to tlmik that the neolithic age iu England began 
at leset 10,000 years ago — and perhaps 30,000 years; but that it does nut 
^proacb the close of the glacial epoch, he thinks is shown by the fact that 

E older Fenlond beds (themselves in part glacial) do not contain human 
iJa't Cbmrf.— It is well known that when this comet returned to peri- 
n in 1866 and again in 1873, the heavens were searched in vain for it, 
by many of the most careful and trustworthy observers. It seems exceed- 
ingly unlikely that telescopist^ will meet with greater success this year. 
Calculation seems set completely at defiance. In the first place it is to bi 
remembered that every return of this comet increased the accuracy witJi 
which its orbital motions were known. So that as it had been at once tden- 
dfied in 1846 and agfdn in 1852, astronomers had every reason to expect 
that it would be much more easily found in 1806 (in 1869 its geometric 
path brought it too near tlie sun's place iu the heavens for a successful search 
to bo instituted). In 1872 the chance of finding it had only m far dimi- 
ushed, that the failure of astronomers showed that something had gone 
wrong. There was good reason to boUeve that the failure to recognize thu 
Mmet did not in any way arise from unknown perturbations to which th« 
wtnet had been subjected, but from a further disiutfgtation of the cor 
Itutce, already so far effected that since 184B this object had in rul 
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two distJDCt cometa. Nov some ten or twelve montiiij after ttw c 
(according to the (talculations of astroDomere) passed tba pan of it« 4 
whicli intcraectB the wrth'e track (or »t least piiasoe \eTy doee to ii 
earth hersolf came to the correspondbg part uf her orlot — lliat t 
which she passes on or about November 26, 27, and 28, There than oi 
ae had been prediistedhy Professor Alexander Hersdiel, a shower of n 
in which some tens of thousands of small ebootiu); star? were aeea, radiattnf ' 
from a part of the hearenfl near tixe feet of Andromeda, and thus com- 
sponding with the course which bodias foUowing in the track of BieUV 
comet would pursue on the sky if thej entered the earth's atmosphere nfaon 
she is ill the part of her orbit crossing Biela's. Elinkerfues, oasanting ihsl 
tlus cloud of meteora was Biela's comet itself, telegraphed to Mr. Fogum. 
Qovemnient Astronomer, at Madras, to examine tlie part of the heaTeii»— 
near Theta Oeutouri — towards which the meteora were moving'. Pogwn 
did 80, and saw in that part of the heavens two cloud-like objects moving 
along a oourBa corresponding with that which attendouts of lliela's comet 
would have followed as viewed from the earth. Now Mr. ttind, in diat-ua- 
ing the question of the pos^ble radlKovery of Biela's comet, takes as i 
probable assumption that the comet really touched the earth on Nommbii 
S7, 1873. " Intersecting, or at least passing ver.v nenr to, the earth'* otUi, 
on November 27," he says, " the comet must hitve been deM^uding to a 
penhelion passage a month later, or about December 27'C; eueb at leaa 
would be llie date when the meteoric shower would arrive at il» least di*- 
tance &om tile sun. In this fact appears the only ground upon which wii 
can now work to ohtaio an idea of the probable poadon of the comet in tli« 
present year." Then, having given the most probable elemi^nts of tlie orbit 
of Biela'e cornel as determined from the observations of 1$40 and 1S52, b* 
says that if the meteoric cloud of November 37, 1872, was monng in thb 
orbit, " a revolution counted from December 37'C in that year wiU bring uj 
to about Snptember 8, 1670, as the epntdi of next periheUou paasagv. Ai- 
Biiming September 7'5, we should have the foUowing swee^ng-line for tlist 
date:— 

Tlmatrom Rlcfat Ncirth DMuin Inlciullj 

iKiiticUoD. miutDi]. dMlltiatioti. fnjm lartb. of U^lic. 
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146-3 l5-8 1-66 0-47 

125-9 17-4 1-43 067 



" It may, however," he proceeds, '■ be regarded as by no meana ifflpi»- 
bable that the perihelion passage of tlie body which caused the shomr rf 
meteors may lake place much lal«r, and a very close and exteudnl eMi^ 
will be required." 

It should be noted, however, that the display of meteors seen on Naif8lt>- 
ber 27, 1873, was by no meana such as to suggest that tite duud of matoo- 
ritei would be dbceroible as a nebulous object by re6ect<:d light. Again il 
aeeme certain that the two nebulous objects seen by Pogson, were not tnvnUiif: 
ns that meteoric cloud would have travelled ; this was verv clearly and tBtir 
factorily shown early iu 1S73 by Capt^n Tupman. And if we mippoM 1^ 
either PngMn's unbuloua clouds, or the meteoric flight, were Iliela's cam*!, 
the delay of leu or twelve weeks is quite inexplicable by any pocriUe jtf 
.. _i_^__ — -^- g f^^^ Q Qj^Qgg effectiTe onough to lure made a diffivcDM n( 



;n or twelve weeks in the time of porilielion passagre, would have entirely 
Itered the cliamctei" of the comet's urbit, wherens the only drcuniBtance 
iiaC ennliled aatrouomere to identify tbe meteors of Novemher 27, 1872, as 
[teodants on Biela'tt comet and following in its track, was the obeened 
jTreement of their motions with those of bodies so trsTelling. On the 
rhole, while it eeems to us exceedingly probable tliat Andromeda or stten- 
luits OD Biela's comet will be seen on the night of November 27, or perhapa 

day or ao earlier or later, wo believe there is M»rcely any, if any, chance 
fhatever, of rediscovering the comet itself. The search ought to be made 
ither (we may now ratbfr say, should havo been made) where the comet 
hould bo seen, if not too completely dissipated, than where the meteoric 
ight, or either of Pogson'a clouds, might be if really following in the track 
f the comet. We tniat that amatl though the chance may be of obtuning 
resh information reapecting this remarkable comet, astronomers will watch 
arefuUy for the November Andromeda. As Hind aaya, " there ia great 
ostice in M. Otto Struve'a remark: ' Kein Comet gebcmelir Ansicht iibor die 
istiiT der Cometen im Allgemeinen otwaa zu erfchren, als der lUela'ache.' " 

Solar Faraliax deduced from Obnervatimu of Mnrs. — Mr. Gill gives as the 
eaiUt of his observations of Mnjs, during the opposition of 1877 (it will be 
emembered that Mr. Gill visited Ascension Island to make these nbserva- 
ions) a solar parallax of 8."7B ± 0."015, correaponding with a aolar distance 
>f about aS.OO.I.OOO miles. This distance ie considerably greater than that 
Brbich Professor Newcomb regards as the most probable mean (about 
33,400,000 miles) of nil the best observations. It agrees wuU with the 
Jistnnee re.fultiiig from the combination of Struve's constant of aberration 
uith Oomu'a determination of the veloci^ of light ; but the constant of 
kberratioii can hardly be regarded as determined with a degree of accuracy 
wfficient to enable us to determine tbe real distance as accurately as by 
other methods, even if Comu'a determination of the velocity of light be con- 
ddered trustworthy, within the necessary hmils. On tbe whole, the result 
of Mr. Gill's obeervatinns will probably be regarded by most astronomers as 
iisappointing, simply because it was hoped that it would serve to remove 
doubts as to the aun'a true distance, instead of increasing them. But 
whether this is due to error in other estimates, or to the inferiority of the 
method urad by Mr. Gill, is a point on which we should not care to exprees 
an opinion. 

Tidal Theory of the En>lution of SaleBitei.—^r. G. H. Dnrwin haa sug- 
j^ated a theory of tile evolution of satellites which is worth careful con- 
lideration. But it is vitiated so far as bia treatment of the matter it 
concerned by an assumption the reverse of tbe truth. He remarks that 
if n planet were formed of fluid, it would assume a spheroidal shape under 
the influence of the planet's ^rotation, but if a aatellit* revolves in a drcular 
oilnt round the planet in the plane of the equator, tides will be riused in the 
planet, such that the spheroid will become distorted into an ellipsoid with 
three unequalaiea, and the longer axis of the equator will always be directed 
towards the satellite. Thus the shape of the planet revolyea along with the 
satellite, whilst each particle of fluid revolves with the planet, and haa therefore 
toriaeandfall twice in every revolution of the planet relativeiy to tbe satellite, 
-tang &om this position, aud laltlng into account ihe eflecta of friction, 
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Mr. Darwin arrives at the cosctiuion tliat the mocm and eoitli 
formed part of the Bame bodj, and grodutjly septmW into two ; tli« 
oi'der of Ibiti^ having arisen from the tidul ofTects EubsequenUjr pi 
oa each other hy the two portions of what had once been a nngle 
How far this theory would have to he modiBed if the dynamical 
the tides he substituted for the etatiral theoiy thus made the 
Darwin's reasoning-, we have not yet ascertained. But it is certain 
rotating fiuid mass, such oa the planet is in the very be^nning dMcribed 
he, would not, apart from frictional effects, assume the ibnu described' 
Mr. Darwin. On the contrary, the longer axis would lie in a diieetion «t 
right angles to the lino joining the centres of the planet and it« satellih, fiir 
predsely the sama reason that the oiUt of the moon around the earth kt 
ila curvature increased at the quadratnres and dimimshed at the trirpi*. 
There is an excellent explanation of this, the true theory of tide in a fric- 
tionleaa ocean, in Sir Edmund Beckett's " Astronomy without Math pma tin. ' 
Another was pven by Sir George Airy in a paper read before the A»troiu>- 
mical Society, the subetance of which (with the illustrntions) will be found 
in the " Popular Sdence Review,* vol, v. pp. 866, 357. The writer of liw 
astronomical summary then described the explanation a» "a very beautiful 
geometrical proof that, contrary to generally received notions, were the IJihn 
to move without friction, there would always be low water under tho tnflcn," 
Babylonian Atlronomtj. — In the last four numbers of the " Notices of li» 
Astronomical Society," there is on interesting paper (described as prelimiDSi^ 
only) by Professor Sayce and Mr. Bosanquet, on ancient Bnbj-lonian Astro- 
nomy. y\'e need not here consider the nature of the Babylonian calencUi, 
because much space would be re<i^uired duly to eluddate the subject. But 
there are some points relnling to the identification of stars which nia;f b» 
noticed as apparently requiring further examination by the authors of tb* 
paper. It appears that the inscriptions are written in at least two hkngiagM 
— Assyrian and Accadinn ; and " everything has in consequence two nsiMS 
at least, though these are generally represented by the same chatactor.^ 
This is an obvious source of difficulty. But sUil more likely to 
the circumstance that "the planets frequently assume the names of 
in whose neighbourhood they were observed.'' It will be maniTest 
extreme care must be taken in the inveatigstiiin of Babyh 
observations, und^r this perplering system. Professor Sayce and 
Bosanquet eonMder only in their present paper a star called Icn or 
tlie former name being Assyrian, the latter Accadiao, and FagitiMair 
" messenger of light." This stsr was used to detem ' 
lunar months in each year. Thus the following rule is given; " Whtm n&j 
the first day of the month Nisan the star of stars (or Dilgan) 
moon are parallel, that year is normal " (or has twelve months) ; 
on tho third day of the month Nisan the star of stars and the 
parallel, that year is full " (or has thirteen months). This inscription 
in Accadian, the raoet andent language of the inscriptions. " It nuv ' 
expected to belong to a time earlier than SOOO n.c." Fmm this ruin tlMi 
authors of the paper deduce the conclusion that Ditgan, lh<? " star 
or the " messenger of light," is Oapella. Now Oapelln ia a very fino (UTi 
a it has dimimshed wondrously in lustre in reci'nt times, it 
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cety have dcBerved to be called the " eiai of Btars." It is aleo too far 
1 tLe ecliptic to be used conTeniently us a regulator of the uJeudar. 
' e other hand, we must not b« misled by the name " messenger of 
it" to suppose JIAlgan identical with Vunus, wh^se orb has been called 
osphorus and Lucifer (each Dame signifying the " light-bringer "), for 
lifestly no planet coidd be used, as Dilgan was, to ru^nilfite a lunieolar 
We should be disposed to infer that the '* star of stars " whh the 
if evidence can be found for the use of the Aceadian word for 
3 signify also a staiv^oup (as ailrum). We have every reason to 
-e that the Pleiades were used to measure the year, and from the pi)sitinu 
LS star group near the ecliptic it would be far better suited than Oapella 
le purpose indicated in the above-quoted ruJe. 
f Oppoiitum of Mori. — Mr. N. E. Green, who did such good work in the 
ration of Mars at the last opposition, ealls attention to the desirability 
" il obserTations of the planet during October, November and Docem- 
:. This will be the moat faTourable opportunity for many years 
mining the details of the equatorial continents, "A careful search 
ihould be mode for the remarkable dark canals figured by Professor 
Schiaparelli, which are represented by him aa connected with the bays of 
the Sea of Maraldi and the Strait of Horschel, especially with the two 
poiDts of Dawes's Forked Bay. The nnrthem declination of Mars will 
■compensate in great measure for the reduction in its diameter when com- 
pared with that of last opposition, and every use nhould be made of tliis 
nwjmion for the re-examination of previous drawings," The aHtronomers 
B^tlie Washington Observatory point out that the 8atolIil69 can hardly be 
^■BD, even with the most powerful teleMiopes, except for a few weeks before 
fnd after opposition. It is to be hoped (hat those capable of taking part 
in the search for these minute and most difficult of telescopic objects will 
spare no efforts to obtain exact and truRtworthy observationB, whereby the 
theory of the Martian satellites may be advanced as far as possible. 

The Flaneit far Ihe Ncii Quarter, — Saturn comes to opposition on 
October 5th, at 11 p.k. ; Neptune on November Srd, at 10 A.u. ; and Mars 
on November 12th, at 8 P.H, On Oct'>ber 6th Mercury will be in superior 
conjunction with the sun; Venus at her ^jreatest brilliancy as a morning 
star on October 31 st. 

Partial Eclifite of the Moon. — There will be a partial lunar eclipse, 
Tiuble at Greenwich on the evening of December SSth ; &nt and last con- 
tacts of the shadow will occur at 3h. STm. and 5b. 15m. respectively. 
The magnitude of the eclipse, lunar diameter as 1, will be c)a]y 0*167. 



BOTANY. 
Fertilization of Red Sea-iveedi hy the Agency of Infutoria. — Professor 
Dodel-Port, of Zurich, has communicated to "Eosmos" an account of 
some exceedingly interesting observations made by him on the fertilizatioD 
-of a Floridean Alga, Polysiphonin tubttlata, T.Ag., which appears from bis 
researches to present a singular combination of analogies with the anemo- 
jhilouB and entomopbilous phanerogamous plants. An abstract of ~ 

L 
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DoJel-Port'a paper, wilh Bgures, (tppeara in "Nflture" of September II 
Like many other Florideie, Pdymphoiaa xubulata is dioeciuus, aui tbn ii 
and female plants appear often to grow at a considerable diatnaee apart. 
anttierozoide, which are produced from antberidia pi^sentii]^ a eonudinhl 
exlemal resembltuice to microscopic ears of maiu>, an- described ■« ni 
Iflobules of protoplasm, codtainiDgasmall highly re ^active nodiile SAd* fern 
plasma gramilea, but entirely deatitute of cell-wall, and oonsequpoilv of tl 
cilia, by means of which the antherozoids of bo many AJgte make lludr tttj. 
through the water in search of the female organs which they are deMiturd U 
fertiliife. The ontherozoid ia thus precisely annloguus to the pollen gnuo of 
an anemophilous phanerogamous plant. 

The female reproductive organ in thia plant isamultict>llular bodyliimuiig' 
an outgrowth from the apical parts of tlia branchea of the thallus. Th» 
youngest of these carpogonia ia found nearest the apex, those lower down 
being more mature. The structure of the carpogonium is de.'wribed If 
ProfeBBor Dodel-Fort in detail, but the most important point for our pKStat 
pmrpose ia the presence at its summit of two hair-like orj^na — a forked Ei«ir 
composed of several cells ; and a trichogyne, a slender, colourleas, Dmcellnld 
hur, a little shorter than the forked hair, and produced from tbe suiface of tbt 
carpugonium at a later period, mailing its appearance, in fact, about the ti 
when the unfertilized carpogonium arrives at maturity. When fiiU gmn 
it ia of a cylindrical form, abruptly rounded off at .the extremity, and id 
narrow interior canal ia filled with colourle^, finely granular pioioplum. 
The trichogyne is most importnut, as it is the receptive organ, aaalogout 
the elongated style which occurs in so many phnuerogams. Freah aiitben>- 
zoids of PiJytiphaaia subiUata on coming into contact with the upper pari of 
the tricbofryne, whicb seems to some extent to act as a stigma, immedittelf 
adhere to it firmly, when the granular contents of the antherotoid p 
the inlenor of the tnchogyne, and a part of Ihera desceDdii;g the cansltl 
the latter reach the carpogonium, of which they fertilize the central a% 
This process, as will be seen, is very analogous to that which take* plaoe b 
phanerogamous plants. 

In the cose of anemophiloua or wind-fertilized diCBcious plants it is mil 
known tbat the chance of fertilization ia usually greatly increased by tto 
enormous quantity of pollen which the male flowers yield to every pssnir 
tiroeze, and a umilar provision is found to prevml in the case of the dicDciua 
Folymphonia. It is perfectly dear that the antberozoids of this plant, I 
quite deatitute of any locomotive organs, must be passive in their f 
proceedings, and they are no doubt carried along in all diroctions by d 
currents, and other movements of the water, tmtil, a 
trichogyne of tbe female plant, they adhere to it, and fulfil their dot 
Wlien the two sexes grow at no very gi'eat distance apart, Professor X 
Fort seems to think that the small marine animala, Crustacea, autelidB, sU 
tisb, infusoria, &c.. which swarm in the suiimarine forests of FIoridel9i in 
aid importantly in effecting tbe transportation of the fertiliting elBmMt 
the female organ, but in the course of his investigations, he discovered ^ 
certain minute animals interfere in the process in a much mere ounoua M 
interesting fanhion, vividly reminding us, indeed, in the nngulkr >d^ 
tion of means to ends, of the wonderful relations nnquestionably udltil 
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rween insectfl and floTering plants, On tbe ifrowing thallus, ntid especially 
the jouDfrest brftnchem, I'v. Dodel-Porl, constantly found an immense 
ioinbor of the well-known HeU-Animidculea (Vurtkelln), which were, sa 
tKOul witb tliem,in incessttnt motion. Thoaa little creatures were found to 
d upon the aoIhisrozoidB floating about in the water ; but, be^dea those 
irluch thej manage to swallow, a couBidetable number are whirled about in 
'a Tortex caused by the cilia of the animalcule, which no doubt atops them 
the course impreaaed upon them by larifer submarine currents, and keeps 
*"! as it were hovering about the neighbourhood where their business lies. 
1 At the Vo/iicella are constantly changing their poaitioo by the contraction 
and extension of their little footstalhs, the whirls aet up by thetn in the 
water roust become rery complex, and tbe best proof that the action of 
these little vorticea upon the antherozoida is beneticial to the plant, is to be 
found in tbe fact that it woa through their agency that tbe author was 
enabled to observo the attacliment of the antherozoida to the trichogyne. 
The presence of the Vorticeila, in ^t, imparts to the passive antherozoida n 
motion aaalogons to that with which the ciliated sperm-cells of other Algie 
are endowed. In the ease of this Polf/tiphoma, the benelicinl action of 
the whirls produced by the VortictUce is aupposed to be increased by the 
presence in the immediate 'viunity of the trichogyne of the forked hair 
above-mentioned. This hair, it la believed, will divide the whirls, and thus 
prodnce subeidiary whirls, teudiug directly to being the antherozoida into 
contact with the trichogyne. In his conclusion Dr. Dodol-Port has the fol- 
lowing remarks ;—" The total absence of nctive organs of locomotion in the 
antherozoida of Floridece, points to a common ancestor from which the difle- 
rent branches of the Floridere have inherited tbe immobility of the anthero- 
zoida. During the differentiation of the red seaweeds, many forms have no 
doubt died out iu consequence of fertilizationnot taking place through the pas- 
sivity of the male c<>lls, while otlier forms have retired to localities whicli 
favour the process of fertilization by the active currents of the water,in spite of 
tbe immobility of the anlherozoids. It is well known that we now find most 
of the esisting- species of Floride* on the coasts of the warmer seas, which 
are constantly washed by tbe waves, white tbe northern coasts, which are 
covered witb crusts of ice during a great portion of the year, are very poor 
in red seaweeds. Future researchea will have to show how iar in many of 
these aquatic plnnta the differentiation of the genera took place in the direc- 
tion of an adaptation to tbe small marine nntmnis which inhabit them, and 
favour their fertilization in the way 1 have pointed out." 
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A'arireffiam.—'Thie name bai bean given by Dr. Tellef Dahll to a newly 
discovered metal occurring in tbe copper-nickel, and nickel glance of Oteroe, 
a small island near tlie town of Krageroe, Skjcerfiaarden, iu Norway. The 
mineral is roasted, the product dissolved in acid, and precipitated by sul- 
phuretted hydrogen, and the well-WMhed precipitate, free from nickel, 
again roasted. The product thus obUined b the crude oxide of Norwe(^um. 
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tt to be dissolved ID squB reg:ia, Hnd pt«dpitat«d wit}) the right ntnomit 
uf pota«h (in exce^ of the reagent the oxide Te^EsoWes), whereby M 
" 1 green preciptate of Norwogium hydrate is ohtained, Thia liU 
D be reduced with earbou or hydrogen. The metaj ie white, p 
lie, of thn hardness of copper, melts at a low red heat, has s de: 
L, in soluble with difficulty in hydrochloric acid, hut readily aoinnitria 
; the solution la blue, and whtsn diluted becomes gTe«D ; the mirtal is alw 
soluble in diluteBulphuric acid. Thealomic weight appears to be, u an 
of two not very well according determinations, Ng = I45-f>5 if thn oxide ba 
regarded aa NgO. As characteristic re-actions the following are given. The 
aolutions of the metal are precipitated by potaeb, ammonia and mdian- 
carbonate) the predpitates are green, and re-dii<Holve lo an excess of Uu 
reagent, forming a blue solution. Sulpbnretted hydrogen ^rea even in 
dilute solutions a brown precipitate insoluble in ammonia sulphide. Befora 
the blowpipe in the oxidizing flame in the borax bead, it gives a yeUomA 
green colour which cools to a blue glass ; in the reducing flame ihe hltu 
colour is brighter ; ill a bead of phosphorus salt it shows a yellowiah gnvt 
which OD cooling turns first an emerald green, then violet, and then to ■ 
blue glass. The oxide is easily reduced with soda on charcoal. — (Ctxtift 
rend. 1879, iL xxxix. 47.) 

Uraliutn, a Nfni Metal of the Hatinwa Groap.—A» far back ea 1800, J. 
Ouyard discovered this metal in commercial platinum obtained fram Buarii 
ores. Next to silver it is the whitest metal known. Its malleaUlity ia at 
great as that of the purest platinum, but its ductility is much greater, aai 
it is almost as soft as lead. Its melting point lies near that of platinum, ai * 
it is not volatile. Its specific gravity is 30-26, and its molecular voIumSr 
like these of osmium, platinum, aad palladium, is 6'SS. Its atomic « 
bafi been found to be 187'25. In its chemical properties it is difficult U 
distinguish from platinum. — {Monit. &. Quemeaite, July, 1879.) 

Seimdium, a Nrw Earthy jHetat.—l,. F. Nilsan announces the dieoomj at 
a new metal to which he has given the name of scandium. (Btr. 
GaeUachaft, 1879, No. 6.) It hna been separated from ytterhia, hot hot n( 
yet been obtained in a state of purity: it is the oxide in a whihi e 
wluch gives no alisnrption hands. After ignition it is attacked but elow^ 
by dilute mlric add, but more readily by hydrochloric acid. Tl 
of the nitrate is completely precipitated by oxalic add. The nitiate is cna* 
pletely decomposed at a temperature at which ytterHiun nitrate is o 
partially resolved into a basic suit. The atomic weight, calculated a 
ScO, mnsl be below 00. The author d(mbt«, however, this eompotdtiani 
the oxide, and thinks the formula ScO, more likely to he the comet tm 
Scandium would then rank between tin and thorium, and with an alom' 
Wright of about 170 would occupy the vacancy intervening between 118 ai 
234. 

" AUotropic Cupper." — Wiedemann has sought to refer the peculiar CM 
portment of copper obtained by electrolyns from solution uf its acvtate, lull 
eont^ning a conwderable quantity of copper oxide, Scliiitronbistgwr, wi 
descril«d it, adhering to his original view, states that the metallic dopa 
first obtained does contain much oxide, but in that which is aJUrwar 
.obtained he found less than 6 per cent of the oxidv. His " AUutiai^ 
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Copper" thus funned, is not a Ijlackiah-browii mass such aa Wiedemann 
obuined, but is bright, luBtrous, nod lironze-colnured ; it oiidizes very 
qnicklv in the air, ftcquiriog a beautiful indigo-blue liwtre; when treated 
with dilute nitric acid, it ovoWea nitric oxide only ; its density is considerably 
lesB than that of an equal amount of a mixture of copper and oxygen. 
Finally it changes, without loss of ■weight, into ordinary copper, if preaerved 
withoat access of air, and the change takes place rapidly at 100°. — {BuU. 
&>e. Chim. Pant, 1879, mi. S91.) 

The Gray Modijkation nf Tin. — A window in the church of Freiberg', 
m 'Vhich had long been boilt up, was recently opened, when a wooden box was 
^Mbtmd in a (food state of preservation, and enclosing a medal and a number 
^Hlf rings. The box may have lain in the niche three or four hundred yean. 

■ ITbe shaking which it underwent during removal from tiie niche suffiwd to 
lireak the medals and the rings into a great number of pieces, some of which 
came intn the possession of Amulf Schertel, who hns published the results 
of an eiamination of them.— f /our. proft/. Chrm., 1870, xii. 322.) 

The rings, which are 15 mm. in diameter, and 2 mm. in thickness nf 
metal, are, like the medal, cast. The colour is a reddish blue-gray, the 
fracture uneven, but in the ciuie of Pome fragments distinctly columnar. The 
metal is tin of great purity, free from lead, and containing a trace only uf 
iton and sulphur. It is so fragile that it can be broken between the finger 
nails. By merely pouring hot water on the fragments they acquire a brighter 
cokmr, nnd a very considerably greater cohesion. Strong pressure, or a 
severe blow brings out a whiter colour. This tin has undergone the molecu- 
lar change observed by O. L. Erdmann in organ pipes, composed of tin 
containing some lead, and by J. Fritiscba of St. Petersbiuy, in blocks of 
Banca tin. The determinations of the specific gravity of the metal made 

■ ytiOi great care gives the numbers 6-809, fi'TSl, and 5'803 ; fragments were 
^nezt placed in hot water, and left there for some time until they acquired a 
^pnight colour. The apeciSc gravities then determined were found to be 
I' 7-360 and 7-304. The gray modification increases in density by treatment 

■with hot water, and acquires that of melted tin. Specimens of the gray tin 
described by Fritzsche were found to leavea density of 6-030, 6-002,and 8-030, 
hat after treatment with boiling water it rose to 7-24 to 7-27. A specimen of 
K-the St Petersburg gray tin ■vae exposed in a glsas vessel to the temperature 
^uf boiling ether, 35°, for one hour and a half, at the end of which time it 
^^md acquired a white hue, and the density of 7'23. A quantity of the 
^^yreiberg gray tin was expa^ed in the same way for three hours ; its density 
remained 6-77, and its colour showed no change. When acetone was em- 
ployed in place of ether, nnd the temperature thereby raised to 50°, the 
brighter hue was nt once remarked, and after exposure for a short time to 
K temperature of 69°, its specific gravity rose to 7-2(9. To test the diffe- 
rence in chemical action of the gray and white modifications of tin, the fol- 
lowing experiment was mode. Two large &Bgments of rings were taken, 
and a platinum wire attached to each piece. One was converted into white 
tin, by immersion in boiling water, and tlien both were attached by means 
of platinum wires to a galvanometer. The gray variety was electronega- 
tive towards the white variety when dipped in dilute potash solution, in 
hjrdiochloric add, or sulphuric acid ; electropositive in dilute sulphuric acid. 
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The gTAj tin, tliereforo, is somewhat paauve. It is a. curious tact that u 
the gray naga contwned in ihe wooden box wew fire rings hBTing Ui» 
colnur nod cliarnctere of yrdinary tin. 

Thv Source of the Sij^ruric Acid in the Uiitte of HerUonrou* ARimab.— 
A cumber of uhemisls h&ve taken up this question with litUa eflbct. UBlla 
wachH fiought in Tain for benzoic acid in baj, and found no substance is 
any way related to it. It is pointed out by Loew (Jour, prakt. Chrtn., 1«70, 
xix. 300), that rtsllwachB did not s«arch for Mnic acid, and tUat Lantemum 
has Icing since suggested that this eubstauce may bo precant in h»y, u ii i* 
pretty plentiful in the vegetable kingdom. This Loew now finds to be tha 
case. If hay be moistened witli cold water and allowed to etMid (brS( 
buurs, and the contants,be precipitated with lead acetate, and the weU-xraslicd 
precipitate be treated with sulphuretted hydrogen, a liquid ia •djtain^l 
which bus no'w to be treated with miUc of lime ii 
phosphoric add. The concentrated filtrate is then made hot, aod wliil« 
so, mixed with hot alcoliol wheret^ the lime kinate is separated a« a tii 
mass. Further treatment con^ts in throwing down the lime with o 
acid, and again adding alcohol to the concentrated liquid, whereupon tha 
acid^epaiBteB slowly in small granular crystals, Sx grammes of kinale wera 
obt^ed from one kilogramme of hay. When distilled with mangiin««« 
peroxide and sulphuric acid it evolved kiuooe. The kinatmarp verysolulila 
in water, and readily precipitated by dilute alcohol. 

Action nf Hydrogen on Carbonic Oxide in Iht Fre»aiee of a Rtd-Hot FM^ 
nam Wire. — J. Coquillion Itaa found when moist caibooic oxide i 
over a red-hot platinum wire many times backwards and fbrwardi<, a cb^o^ 
of volume is noticed which, when the gaa was shaken with poliuh, dim^ 
pearod, to appear again, however, as soon as the operation was renewed, 
until finally nothing ia left but nearly pure hydrogen. The change uotic«d 
must take place in occordancD with, the equation — 

co+n,o=cOj+H,. 

The presence of nitrogen does not interfere with the change. The ei 
veraon of carbonic oxide into carbonic add, during the decompositiDn of 
water vapour, cannot take place all nt once, for between the CO, CO., H m ' 
E,D, a state of equilibrium is sut up, which limits the a 
mixture of 31'60 volume per cent, of carbonic oxide, 8'08 per cent u 
hydrogen, and 60'42 per cent, of nitrogen, increased in Tolumo 10 per c*Bt., 
and was changed into 31'3 per cent, of carbonic oxide, lOOO per cent, n 
carbonic acid, 18-08 per cent, of hydrogen, and GO-eS per cent, of nitii 
Pure carbonic oxide increased 30 per cent, in volume, and the iiiixtun? o 
dsted of carbonic acid 30 |ier cent, hydrogen 30 per cent,, and oorbnoia 
oxide 70 per cent. The author made these experiments during noma iaviv 
ligations of the ga,i found in Siem^ne's generative furnaces. They were fut 
with coke, and it was not possible to convert the whole carbonic add il 
carbonio oxide, however high the layer of ignit(<d coke be mode, t 
vapour of water contained in the latter lakes part in the reaction bj r»o 
dlung the carbonic oxide. The greater its quantity the higher Tate I 
peicentoge of carbomc acid and of hydrogen. This reaction takvs pli 
is smelting funuces. Ebelmen held that hydrogen acted directly u to 
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wliUe it is erident from the above that it a in reality cwLonic oiJde wliich 
enters into the reBction.— (&mp(. rend., 187U. Ixxsviii. 1204.) 

Reduction of Potatmim Ferchlorate.—Tommaei &ads tbat this sabBtance 
is not reduced by line, cadmium, magnesiiun, or almuitiiuni, tither in acid 
or in alkaline solutioD, at ordinary teraperature or at IOU°. Moreover it 
is not acted upon by liodium amalgam, nor reduced b; ferrous bydrate. 
WhAn the acetate of lead or copper is reduced by these metals, this salt, if 
preeent, undergoes no change. The perclilorate is, however, converted into 
chloride readily and at moderate temperatures, if mixed ivilh sodium bisul- 
I phitO; and acted npon with rods of zinc. The hydrosulpbite produced by 
is converted into suljihite at the expense of the oxygen of the 
perchlorate, in accordaoce with the foUowini^ reaction — 
4SHNiiO, + CIKO, = CIK + 48nNaO^. 

fc Ho hydrogen ii evolved. Towards the end of tiie reaction hj"posiUphite ia 
f 4Iso found — 

2StINa0.j = H,0 + SNa,0,S. 

-iBer. deut. chetn. QenU., 1879, lii, 1701.) 
The Direct Comhmation of Ct/ajtogen nnd Hydrogea. — Gay-Luasac was 
unable to cause these substances to unite directly, either by the application 
of heat, or by the electric spark. In his day the iuflueiice of time on certain 
chemical reactions had not been studied. Borthelot therefore lias repealed 
the experiment. It ia now many years sinca tha author showed tliat in a 
nuzture of cyanogen and hydrogen, through which electric sparks had been 
passed, aceU-lene and hydrocyanic acid were formed. It cannot be clearly 
wen from this whether the substances directly unite, or whether acetj'lene 
I be not first formed, and nitrogen separated, and hj'drocj'anic acid ia not 
intly produced, A quantity of dry cyanogen and hydrogen iu equal 
I Yolnmes were passed through a tube heated to fiO0°-6fiCI'', and a partial 
■aomHnation was at once noticed. The escaping gas contained 47 to 48 per 
mt, instead of 50 pet cent., of free hydrogen. In closed tubes this reaction 
\ place more readily. After they had been heated for several hours, 
e opened over mercuiy, a contraction of volume amounting to one- 
BVenth was reached, due probably to the formation of paracyanogen. 
h quickly absorbed five-sevenths, and the remaining seventh conaated 
if naarly pure hydrogen. The reaction, therefore, had taken place in accor- 
e with the equation: Oy + H-H.Oy. The process is quite analogous to 
fhat by which hydrochloric acid is produced, with the difl'erence that it 
ta^ea place more slowly, and at a higher temperature. At lower tempera- 
tures it goes more slowly ; at higher, nitrogen is set free. Zinc, cadmium, 
and iron, heated with cyanogen in tubes to 300°, formed cyanides of those 
metals, and no cyanogen was decomposed. Zinc, even at ordinary tempera- 
tores, is acted upon by cyanogen after several days exposure to it; at lOO'', 
after the lapse of some hours, an absorption of the gas is remarked. 
mium is passive in the cold, and at 100° only traces of cyanogen ari 
Borbed. Iron is passive at 100°; mlver and mercmy are passive i 
temperatures. Tlie sj-nthetic formation of hydrocyanic acid, whether by the 
eombination of cyanogen and hydrogen in equal volomea without condansa* 
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tion, or b; Ihe comlaQatinn of acetylene with tiitTogen, abo Ln eqiutl vnlumei 
without condensation, 

0^ + II = 0^n; CaH+N-CjHN, 
[xrintfl to astnldiig relntt on between these two bodice, regnrded as ciimponnil 
radicals.— (Comjrf. rend., 1879, Iniix. 63.) 



GEOLOGY AND PAL.EONTOLOGT. 
Amfrican Jurauie Mammali.—'pTofeeBOt O. C. Marsh baa discovered K 

interesting; remuns of email mammak uf Jnmasic age, in the so-cal]«d 
" Allan tOBOurua beds" of the Boclty Mountains. All the eipecimena art 
lower jawB, as i» general in our own Stoneafield and Purbeck depoals, and 
tbey have enabled their didcoverer to distinguish four specisa. Two of these 
he regards as Mareupials, but as belonging to a peculiar genua, DryUnttt. 
One specimen possesaea tbe strongly inflected angle characteristic of ni 
pial nuunmalB ; another shows that the number of premolar teeth wsa at 
least fiiur, showinf? that the genua ia quite distinct from ZHdeJpAyi, ~ 
feasor Marsh names the spei^ies, both of which were of small siae, DryolMa 
priteue and I), vormr. A third species is represented bj the left b' ' 
jaw, the two extremitiea of which are either wanting or badly preaerrei 
It is remarkable for the great number of molar and premolar teeth, whici 
are apparently at least twelve in number, and poEwibly more. Some of thl 
premolars have two fangs ; all the molars are aingle-fanijed ; the former haM 
compresaed and recurved, and the latter conical crowns. A lar;ge pointed 
tooth lying near the jaw is regarded as probably a canine. The animal, 
which was somawbat smaller than a wonsel, and probably insectiToraus ill 
habits, presents close resemblanceH to the genus Stj/lodon of Owen, fron 
the English Furbeclcs, with which Professor Marsh thinks it may oonatilnia 
a distinct family, Stylodontidte. He names it Stylacodon gracUit, the specila 
name being in allusion to the slendemess ef the Jaw. A fourth form ia saii 
to resemble in et>mo respects the genus Trieonoduti of Owen, the molar to 
having each three pointed cones ; but there are four such teetb instead of 
three, and the middle cone b eacb tooth ia lai^r than the others. The 
angle of the jaw is much produced but not inflected ; the author neTeith^ 
leas regards the little animal as baring U-en probably an LnaectiToroiil 
Marsupial, allied to Trioonodoa and riiaacololhrrnan. He namos it Tmniat 
biihtt, and suggests that the uninflectod angle of the jaw, and the posltiiin 
of tfae coronoid process, which ascends at right angleis tu 
diately behind the last molar, would indicate that it forms the type of a 
new famUy (Tinodontidie), if not that it may have been a placental n 
— {Silliman'a Jtmmnl, July and September, 1879.) 

IVWt Hair. — Professor Dana publishes some notes on the c 
product of the crater of Rilauen, commonly known by liie ■ 
fomided on a supposition of the natives that it was the hajr of thtSf^ 
Tti6. Professor Dana gives two new analyses of this suhstsjice, wldid ■ 
very nearly accordant. Tbdr mean sbowsacompoationalmDKlpr«<ciBelj thai] 
QfoidJoaijdoIerite, asshownin the foUowing comparative Btalttmimts;- 
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TUa " ti*p " consists of Ubradoiite and &ugit«, with Mine magDetite, tad 
tte per&ct fumldlity of sach a compound b w?U isdioted bj the teh 
OllMMiud at KSauM. There b hence no quesdon u to the complete fUmn 

ch ingredients in a ToLcano, eren where no mobtare u pnisent. "Us 
UftljsM," "ajs FrofeeMr Dana, " add another to the manj example* tintdj 
knoKH, praying that there was no diffeKnce in conatitation between a Uigw 
part of the material in fiiMon rejected in me^xoic timp, and that thrawn 
bjr modem volcaooea ; and it iilastrales the fact that geology has tu 
good baua for the djatinctioa of 'older' and 'jannger' among ignmiu 
rocto." 

cording to C. F, W, Krukenberg, the fibres of P&i's hair aw often 
bibuhir, and fometimes bent and formed into loops; they frequeullj con- 

air-bubbles, and occasionally microliter. Tbej are osuallj unlaigvd 
wliere they contain cryt^tals (or microlitea), and also about manj uf the au> 
cavities.— (SiUirnoni Jimmal, Auguat, 1870.) 

Pakeotok PUmtt. — OountGaston de Saporta Dotices certain organisma of 
Lower Silurtan age, the nature of which has hitherto Wn very doubtftU, 
B8 they have been regarded by different obserrers eometuue« as \'ef^taU« 
trnpreSNom, sometimes as casts of the tracks of onnelidea or otlu-T ■"''fftlfi 
Three ^rpea are eepecially referred to by M. de Saporta, nnmcly, TigSlitm, 
JOBMUt or Crutiana, and the Scandiuadan Eephi/lon, TigtBitn are lygaidvd 
1^ Imu as representing the tubes of areuicolous annelidoa. They are cylio* 
dricol bodies easocialed ia colonie-s, placed vertically in the rucks, niid Slled 
tn after the death of the inhabitant. In appearanco and dimensions, In thu 
presence of obsciue zones of growth still visible on the surface, in the mudo 
in which they terminate below, and, in fact, in all their clinracter*, tht-y xvr- 
■emble the Spirographi* now living on the nhorus of the Modit^rmuMUi. 

Bikbiii* or Crusiana is regarded as a marine vegetable organiiim, alUinugli 
nothing analogous to it exists among the Algto of the present day. M. da 
Saporta adduces, in support of the vegetable nature of these fossils, a pncu> 
fiarity in their mode of fos^ization. They are found in hall-reliuf upon iho 
lower surface of the beds in which they are preserved, and are always rspro- 
•ented by a hollow impres^on on the apper surface of the subjacont hrA*. 
This half-relief, showing all the details of the uxti-ronl orgimixation of the 
indent plants, is the result of the imbedding of a fleshy or cnrtUaginouM 
body wUch, after moulding itself in the sediment, has disappi-nrwd by do* 
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compoation. The pressure of the beds in course of formation would then 
fill up the lower half of the mould, forming the cast in relief. The Cytaiana 
condst essentiaUv of two convex parts united in the middle line, and 
marhed on the surface with oblique sinuous strue. Their extent renders it 
impossible to trace their whole length, or to obtain an entire individual 
with the superior termination of the frond. Nevertheless, from a number of re- 
markable impressions collected by Professor Mori^re of Caen, we see that the 
lines of junction, which are at first simple, afterwards become complicated 
by ramification, and produce at the summit a gofiered, sinuous expanaon. 
At many points on the surface of the phylloma of Cruziarug scars of inser- 
tion are observed, which seem to be produced by radicles or organs of 
fructification, leaving, when shed, the traces of their attachment. 

The Eophyta are cylindrical bodies (stems or phyllomata). They are 
more or less elongated, perhaps ramified above, or dilated and laterally com- 
pressed, and always marked with regular stri» and fine channels running 
longitudinally, and often resembling nervures. They have no resemblance 
to the CntsUmaj and the two types must have constituted distinct genera, if 
not families. Neither of them can be regarded as nearly related to anj 
existing Algae, but they may be regarded as extinct types very distantly 
allied to the Caulerpese. — {Amoc, Franq, p<mr VAvancem. des Sciences, Stance 
de 1878, p. 676.) 

Volcanic ProducU at the bottom of the JPaci/ic. — ^The Abb^ Henard, and 
Mr. J. Murray communicated to the Geological Section of the British Asso- 
dation, at Sheffield, the results of an examination of the materials brought 
up by the Chdllenger'B instruments from the bottom of the central Pacific. 
The area from which the materials submitted to the Abb^ Renard weie 
derived, extends from the Sandwich islands to dXf S. lat., having the Low 
Archipelago approximately in its centre. Volcanic matter was found to 
play an important part in the formation of the bottom, being present in the 
form of lapilli and ashes distributed in great abundance in the " red clay," of 
which we have heard so much. The lapilli nearly all belong to the basaltic 
^JP^' passing from felspathic basalt to allied rocks, in which the vitreous 
base acquires greater and greater development, imtil it almost entirely dis- 
places the crystalline constituents of the basalt, when the fragments become 
mere glassy rocks of the basic series, generally containing some crystals of 
peridote, innimierable crystallites, the latter sometimes grouped in opaque 
granules, sometimes arranged regularly around the peridote microlitesL 
From the forms of these volcanic fi-agments, which are often coated with 
manganese, their association with volcanic ash, and their lithological cons^ti- 
tution, they cannot be derived from submarine flows of lava. They are 
rather incoherent volcanic products, or lapilli, the accumulations of which in 
the Pacific form a series of submarine tuffs. 

One of the most remarkable facts, brought to light by these soundings in 
the Pacific, is the larjre share taken in the formation of these sedimentary 
deposits by palagonites, perfectly identical in lithological characters with 
those of Sicily, Iceland, and the Galapagos islands. Many are in fact glasses 
of the basic series, cither consisting of sideromelane, or decomposed into a 
red resinoid substance. The small lapilli of two or three inches in diameter 
are cemented by zeolites, showing the crystalline forms of chriatianite. 
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these resdily alterable basic gbiawa at once reveals the 
yey mutter witU wliicli tliej are asBocJaled, as wherever 
occur, their decomposition into clay ia obsevrable. 
luinerals present in the volcanic ash are rhombic tabular 
Mystala of plagioclase, augite, magnetite, aod a little Bonidiue or hornblende. 
It is singular that quartx-giajca are practically absent, in striking contrast 
coast deposits. This fact, bowerer, is not so unexpected as the formation 
xeolitee in the free state. Minute fibroua radiated spherules ai« formed in 
Qie mud, possessiDg the crystallographic characl«is of christianitc. Besides 
ese zeotitic spherules, other crystnla of the some Hnd occur in the form of 
inute prisma, and in such prodi^oua aumbers that they make up about 
e third of the red clay. These and the zeolitic spheniles are re^rarded 
by the authors as belonging to one mineral species, and they remark that 
the formation of these, and of the red clay in which they are devolopod, is 
easilj understood if we bear in mind the lithological nature of the bauc 
tufl8,and of their products of decomposition, — {Mature, September 18, 1870.) 
Mild- V'llcanoet. — Professor Giimhel of Munich has communicated to the 
Bavarian Academy {Siisunfflier. 1870), a paper on mud-volcanooa and their 
products, his examination of which leads him to the foltowing results. The 
mass of mud erupted is nothing but softened aigillaceous, or sandy^rgil- 
laceous, stratified rock, derived from the immediate vicinity, and probably 
brought up from no great depth. It often contains oi^anic remains, whilst 
true volcanic products (such as ashes, lapilli, lava, and pumice), take no part 
in its formation. It is only exceptional, if iu the midst of volcanic for- 
mations the latter, Boftened superficially like the strntifled rocks by gas and 
water, furnish the eruptive material, and indeed no such case is yet known 
with certainty. 

Besides the abundant outflow of water, the efflux of gases at high pressure 
is necessarily and genetically connected with mud-volcnnoes. Among these, 
carburetted hydrogen holds the first place. The high tension of the gases 
which flow out, and the long duration of the phenomena, do not infer the 
existence of a great accumulation low dovrn in the earth, because upon such 
a supposition the provision must be exhausted in a comparatively short time. 
The persistent formation especially of the carburetted hydrogen, the principal 
of these eruptive gases, necessarily presupposes the presence of organic 
constituents in the deeper seated etmtilied rocks, and this is also confirmed 
by the regular occurrence of petroleum, naphtha, asphalte, or bituminous 
materials in connection with mud-volcajioes. It is not improbable that 
phosphuretted hydrogen is also produced diuing this process of decomposi- 
tion, and the presence of this gas would famish a satisfactory explanation of 
the irequent spontaneous ignition of the outflowing gases. On the other hand, 
the more abundant occurrence of carhooic acid would seem to indicate a 
certain approach to volcanic processes. 

The intermixture of soluble salts, especially chloride of sodium, in the 
mass of mud, may be exphunsd in part by the circumstance that many 
mud-volcanoes are situated in the vicinity of the sea, or upon a soil soaked 
with wa water. In favour of this, we bavo the presence of iodine and 
bromine in the mass of salts produced. It may also be assumed that the j 

«tn>ta contiguous to the channel of eruption may contain abundantly such I 
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salts RS gypsmn and mck salt, from which the ontflowiog trnter extnctiii 
saline contenU. Or tba Boline constituents nmj W dissolved from otb 
strata by the water before reaching the niud-Tolcanoea, and left behind a 
the dry mud, upon the evaporalion of the water. 

The mode of dUtribution of mtid-Tolcanwe shows a cerUiii genera! rd*- 
tion to volcanic rogions, and volcanic eniptions. They are, however, founj 
in countries at present unaffected by volcanic pheDomena. ~ 
they either occur in diatricts which are fi'equently distarhed by uphettik 
and ainkinge, or are confined to tracta of great geotectouic fisstires and lind 
of displacement, which traverse the crust of the earth, and lead dami Is 
greai depths. 

From all these facts Professor Giiniliel thinks it follows that the 
focus of the plienomena connected with by far the greater number of 
volcanoeB cannot be directly identified with that of the vulcanic activity 'if 
the depths of the earth, but that these phenomena are due rather 
presence of certain atratified rocks, and ta their containing interaiistun* 
capable of furnishing Utuminou? suhetances. In isolated cases it mij be 
that gases connected with volcanic processea produce phenomena 
those nf ordinary mud-volcanoes, or associate tbomselvea with the cutw- 
retted hydrogpen gases of the true mud-voUanoes, Just as. vtiv reriif.tli' 
gases t>equimtly appear among volcanic exhalations. The stratified neb 
involved in the process, must be situated deep in the earth's crust, where tlis 
conditions (warmth, &c.) necessary for the evolution of the gases and 
Intuioinous materials from the organic iutermizturea are present, and at lite 
some time the crust of the earth is traversed by fissures deep enough to 
enable the volatile materials thus formed under pressure to make their vaj 
to the surface. Such favourable conditions will occur moat frequently where 
the younger sedimentary formatioDs are deeply buried, and traversed by 
deep fiasores by volcanic action. In this way we see how the phenomena 
of mud-volcanoes are distantly connected with true volcanic activity. la 
other cases, volcanic action may as, it were, have carried the conditions of 
formation of the eruptive gases and bituminous substances nearer to the sur- 
face, and into the higher beds of the sedimentary rock. Such a relation 
between mud-volcanoes and vulcanicity may be assumed eepefnally in Sidly. 
Nevertheless, the phenomena of the so-called mud-volcanoes are so funds- 
mentally distinct from those of true vulcanicity, that it soems desrable 1o 
get rid of the connection, apparently implied by the name, by the emjJoy- 
ment of a new term, such as " mud-springs" {Se/UatnTntpraiiet). 

Poiaocoryne, Mr. G. R. Vine read a communication before the Geological 
Section of the British Association, in which, after referring to the great 
abundance of Carboniferous Poljioa wliich have been discovered of late 
)'eai8, he gave the results of his researches upon the curious foml bodies 
described by Professor Duncan and Mr. Jenkins, as probably fossil Hydroids, 
under the name of PiJitoeoryiie. Tbe«e supposed Hydroids have boen re- 
garded by some poheontologists, and notably by Dr. and Mr. Young of 
Glasgow, as mere appHndages of Polyzoa. The nulbur stated that be had 
identified all the spwies and forme of Pal/roeoryjie that had been Bgured by 
Dr. Duncan in his various papers; but the conclusion he had arrived 
that these ao-caUed organisms wera neither hydroid, as 
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Dr. DuDCAn, nor foraminiferal, as wm BUggeated by Dr. Allman, but in all 
forms were referable to speciea of Fmetttila and Polypora. Altliougli this 
opinion was given with eome coDGdence, the Buthor was not prepared to tiay. 
At present, that the whole of Dr. Duncan's views were illuaive. There coiild 
be no doubt but that the formB P. ti'udcn were really infertile proeeseea; 
but P. rndiata had presented so many peculiar details to the author, that 
until he hnd satislied himself as to the nature and purpose of thia structure 
in the polyzoary of the Polyzoa, he was not in a poution to prove that Dr. 
Jluncan had g^ven an erroneous judgmeut, although P. rndiata might turn 

tbe, after all, a portion of Feiiettella and not n parasite. 
> and T'nnpM-afiu-e.—Mr. H. 0. Foi, of Stoke Newinglon, read a 
before the British AB.?ociation, at Sheffield, on the Synchronitm of 
tnean teinperatjire and rainfall in Che ditnate of London, The paper was 
nccompamed by tables exhibiting each month and season for the past HJtty- 
«even years, arran)^ed in tbe order of its raiufall, and also in the order of 
■ temperature, for the Royal Observatory, 
[ The principal coucluaious wt>re stated to be: — 
T (1.) In each of the four months, from November to February, extreme 

'd tends to be synchronous with dryness, warmth with large rainfklL 

\ (2.) In the summer mouths, from June ta August, cold t^nds to be ac- 

mpanied by much rain, warmth by dryness. 

(3.) To put this in popular language, roin bring* icmirdh in winter and 

ccld in mmvier; that ia (if rain be tbe cause, which is by no means proven), 

it mitiftates the special character of each extreme season, winter and 
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(4,) Very wet years tend to be either cold or warm, whilst years of 

rtaght tend to a!isume an average tfimperatnre. 
Ma, 



Mailardile and LucJUte. — The name Mallardite has been given by A. 
Camot to a new native manganese sulphate, and Lucldte to a new native 
iron stilphale, which occur in the silver mine of Lucky Boy, at Utah 
(Campt. rend. 1879, bcaiiii. 1206). The former conmsU of small crystalline 
parallel fibrous masse.'^, which are originally colourless and translucent, hut 
'<on exposure to tbe air soon become white, and opaque, and weathered. It 
'' eaaly soluble in water, and has the eomposilion, MnSO^ + 7 11,0. The 
.gnlphates already known are szmikite witli one equivalent of water, fauserite 
iritit magneaa sulphate, and apjohnite with aluminium sulphate. The 
'above may therefore be regarded as a new species. It is named Mallardite 
,'lo honour M. Mallard of tie AWe dei Mina. Tbe iron sidphate forms bright 
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JOPtTLAB PCIBNCE 

Wuisli channelled priHoe, and ht* tie formula (Fe,Mi»>S0j+7] 

the Tda is '^ abuut ^ Fe. The minunkl thererore Btanda betwwaB 

and molanterite. Jt wealhera, but not in the air tike the one, i 

of an ochre colour like the other. Ths crjstBlliB^ form appean lo h cSl 

rliiimbic. Jt (lerivea ita name from the place where it i» fonnd. 

On the Behavitiur ofSUtcateii eoMlaining Fluorine, etprruJly Ikt Tops « 
Iht Atkai, at High Temperatare. — Banunalsbei^ hns inalitated a nimib 
of experimenta eiproModly with the view of determining ths fonn in whl 
fluorine is contnined iD the inlQerale in question, topai and the tnicu. I 
finds that at the high t«mpeTature of the porcelain furnace, from topu oitif 
could all the fluorine be remoi-ed under favourable drcun ~" 

experiments pointed to the probabilil}' that a part of the 6ur 
in the free slate ; in other words, that in the preseuce of water vapoiir 
hydrogen fluoride was formed, while the elements united to the fluorint- 
potasaium, lithium, magnesium, iron, aluminium, ailicium, remain aa oridcs, 
while another portion of the fluorine passes off in the form of a ^co- 
fluoride. This doea not support tlie earlier yiew that rilicium fluoride aim* 
ie evolved, and supports the theory of the author that fluorine ta contained 
in these ailicates in the same way as oxygen is. It appears, moreover, Uul, 
ai a secondary action of the hj'drogen fluoride, not onlv the fluorine p 
Id the t«pax in the form of aluminium silico-fluoriile, but a OTtoJu amosat 
of ailicium of the oiywlicate, is converted into SiFl, and eraponts. — 
IWudem. Ann., vii. 146.) 

Neui American and Auetralian Mtnrridt, — Under the name of Ran^tt 
G. A. Konig, of Philadelphia, describee a new mineral, occurring n 
granite in the neiKhbourhood uf Philadelphia, in crustc, of a canary yiillaip 
to a citron yellow hue, which are traniparent and apparently Crystallina. 
It has a hardness of S'3, and vvhen healed tn a closed tube evolves wiAatf 
and acquires an orange red colour. Before b^g heated it in solulilo ia 
cold acid; afWr having been heated, it dissolves completely in hot to.' 
only. 0-047 granune of material collected for analyns had the composition :- 

Lime SS'GO 

Uranium oxide , 31-63 

Water 663 

Carbonic acid [29S4] 

100-00 



The formula derived from tUs, OajU,0,0„+ 311,0, points I 
existing between this mineral and liebipite. Before it can be determiiM 
whether a new species is actually present, it must he submittod tu a mui 
complete analysis. The name is chosen to honour Mr, Theod. Rand, a 
Philadelphia. — SlibianiU is, according to E. GoldHmith, a new mineral C 
Victoria in Australia. It is massive, porous, has a reddish yellow oolouq 
and a pale yellow streak, is dull, has a hardness of 6, nnd diMudty o 
S'Q7. An analysis made by W. H, Dougherty ehows it to cunsiit of — 

Antimonio acid 81-Sl 

Wal*r 4.4« » 

Insoluble portion 13-3G 

90-2S 
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which pointa to the formula ShjO,, H^O. So incomplete an anRljrBis 
hardly juatiflea the pvin^ a new n»ma to the substance.— ZTun^tf A is a 
new minerBl, of which two vaiietdes have been found. One is maaaiTi>, 
lias a dark date gi'ay or black colour, is dull, amorphoua, porous, anil 
friiti: e ; the other is appsTently crystalline, showa a cleaTBge, a bright 
slate colour, and occurs in calc-spar, is half malleable, has a bardnesa of 
2^. The denHitj of the two varietiea at 0° after impuritiefl had betu 
9, of the amorphous 7'47, for the ct7atalline 6'27. The chemical 



CompoaitioD of the t< 



« found to be — 



tl. OrjiuUlw 



ArBenic 








2M0 


28-90 


Antimony 








3-33 


4-26 


Sulphur 
Mercury 








0-78 
104 


1-81 

in 


aUTer . 








6900 


44-C7 


Cobalt. 
ITickel . 
Iron , 
Zinc . 
WatM. 








3-92 
1-96 
S-06 
2-42 
019 


r-.S3 
3-11 
8-53 
S-05 
033 


Qangue (Bilicate) 






0'88 


0-55 


Da. (caleite) 






2-36 


110 










100-03 


98-83 



if the mercury be present aa araalgani, AgjIIg, and the aulpbur as pyrites 
at probably the case, and the Co, Ni, M, and the remaining Fe be 
skoned with the Ag, making K" -2R', we have in 



II. R' : Aa + S 

Hence the mineral hsa the formula, Ag,Aa, and may be regarded aa an 
Kraeiue dyscraaite or a salvor domeykite. Thia huntilith is found in large 
quantities in the Silver Islet Mine of Lake Superior, and is named to honour 
Dr. Sterry Kant.— (,Zfifiic/irift far EJyal.wnd Minerahgie, 1870, iii. SOft-OOO.) 
SwrdiA Mmw-nfa.— Blomstrand in a rerant letter to the Ber. deiU. c/imn. 
OettlUehafi, 1879, lii., 172.3, communicates a few notes on recent researches 
on Swedish mineralogy. Hjalmar Sjogren describes native bismuth, asso- 
ciated with galena and pyrites, from Norberg'a mine in Wormland. Bjelldte 
lathe name fnven to a mineral species having the formula 2PbS,BijSj. The 
older analyses of this mineral by Lundstrcim have led him to adopt the 
formula (FeS, 2Pb8)j Bi^S,. A new biemuth sulpho-salt, galenobitmutite, 
haa the formula, PbS,BijSj, and occara in compact, tin-white particles. 
Anton Sji^^n has published a paper on the occurreucu of manganese 
compounds in the Nordmarks mine in Wermland. It treats of the very 
intereating gangue-lika formation, diatinBTiiabed for the manganese com- 
pounds which it contaimi, met with first in Langbans mine, and now hit 
upon in Nordmarka aince. The ground mass ia manganesiferoua calcspar, 
-wluch contains manganoait« (the formula being MnO) in vrell-derebped 
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ic OTStaU in the same form, belonging to the iv^or fyVKm, t» 
e of Vesuvius, p^Trochmte (HiiO,H,0), aIm eryntai^zoA, hsta- 
i, maaguKee spar, brunte, hetTj apar, "^ ^"^ lu iiornUeixlp bM 
granite. T. Nordstrom pnUiahea an anafyris of vanadioite, now fur tlu 
first time found in Sweden {rata tiie Undenia (mongaDUw) mine in Wen 
OotUand, and a minenl coDtaiung fi per cent, of eel^nium from FaUuo. 
SelKdnm baa been found in tbe sulphuric add mud of F&hlon ; but 
ndnetals oontwning this substance ara ver; rara. G. Lind^trom deiicHba 
TAammiml», a new mineial species from Arwkutan in Jemtlajid, whtcii 
bOB the f<]llowii^ coiiou* compoeitioD — 

OaO^O, + 0s0,OO, + OaO^, + 14H,0. 
Oreat Meteerite m lotea. — Pnifeasor PmUirdi, id a letter to the editor of 
" Hi1lim«n'a Journal " (July, 1679, p. 77), gives an account of the fall at 
meteorite at S PJC, on Maj 10, at Estermills, Emmet CouDtj, luwa. Out 
fragment, weighing almuf t SOD pounds, fell on railroad land and buried ibelf 
14 feet in atiff clay siuL Another portion, of about 170 pounds, fell 
fann at a distance of about two miles from the above. Smalls |ttecee,&ia 
a Haw ouucee to several pounds in weight, were scattered in the ricaml;. 
The bll was accompanied by a noise described as a contiuuooa nil vt 
thunder, anodated with a crackling sound. The emaUer fragment akm 
mentioned is of an inegnlarly quadrate form, meaeurin); about IfixlS 
inches, and 6 inche« thick on ao average. The metallic portion consi*tBiif 
an alloy of iron, nickel, and tin. A small piece of the metal poliahtid ud 
etched showed the Widmanslattian figures very finely. Half tliemaMisstonj 
matter, conmsting of dark green dyatalliae masses, imitedded in a light gnj 
matrix. When the whole is powdered, a violent reaction ensues on dM 
addition of hydrochloric acid, and this 'u increased by boiling, when all bvl 
the grey matrix is dissolved. Under the microMupe in thin sso 
oUvine and a triclinic felspar appear to be imbedded in a bwIh 
pyioxene. 



PnYSICS. 

Abtarpeioii of Ultra-Violet Sadiatiom by tAt AtnunjAen.—'ii, Conn 
reftd A paper on this subject before thi? Academy of Scienceii in June. Ba 
abowt'd that the probaUIity of the solar spectrnm extending beyond what 
can now be seen, is erideuced by its abrupt and sudden terminatiua ifl 
pbotiigmphs of the most refrangible end, as compared with the speclmm of 
iron vapour. He demonstrated the atmospheric absorption by introdudw 
a tube 4 metres long, closed at the ends with fluor spar, between the col* 
limator and prism. When the tube was full of air, line 32 of the Altt- 
mi riiiim spectrum is not visible, but as a vacuum is produced, the Uoa 
appears. 

TAe FHetion of J7uiA.— Professor Unwin, of Cooper's IKll College, 
candy read a paper on this subject before the Phyucal Sode^. Ue pioiaii. _^ 
that it bad long been known that a board, dmgged throogh water, anflitti ■ 
reiistance varying in some way as the square of the veludty ; tlut ft 



noTes unifonnly at such a speed ihnt the component of water-weight down 
tbe inclined bed is balanced by frictional drag ou the bottum. The fluid in 
the SMghbourhood of the stream is knownt not to move as a solid muss, the 
centre mowg ful«r than the sides, and tlie difl'erent fluid Isj'en rubbintr 
•gftlnst one another. The adhesion of the fluid to the solid against which it, 
noree, also gives rise to sliding or rubbing action. It is desirable to hare a 
Wt of experiments in which the conditions can be varied more than can be 
dotie by such methods. He thoixght it instructive to try a limited mass of 
water, and a virlually unlimited surface, such as is given by a disk in rota- 
tion. This apparatus he had constructed. Within the outervesselis placed 
a thin copper chamber, the diameter of which is unalterable, but the depth 
Tarishle at pleasure. The disk is placed concentrically within it; so that 
there are two cheese-shaped njBssea of water, one abtive, one below the 
dieb, which are dragged into rotation ou the side next to it, and retarded 
next the sides of the pan. The couple required to rotate the disks is equal 
to that formed by the disk or Quid when the motion is uniform. Hence the 
teodency of the chamber to rotate is measured by suspending it from a 
trifilnr euspeasion. A weif^bt suspended by a cord measures the force 
required to keep the index at zero. It appears that a rough cast iron disk 
has a frictional resistance almost exactly as the square of velocity ; whereas 
a turned brass disk gives a value of x decidedly less than 2. The reaistance 
ia a little greater when the mass of water is larger. He proposes to try 
the effect of temprature on fluid fiiction in viscous as well as in mobile 
fluids. 

^tctfie Magnrtimii ot Inm — forma the subject of an essay by Dr. 
Anerbach of Hreslau. Ho shows that this is not without influence on the 
Rttlvanic Iwhaviour of the metal. If a current be conducted through an 
iron wire, phenomena appear which do not occur with other metals. The 
follovring are some of the knowu facta; — 

(1.) The actual galvanic conductivity has been veiy variously staled, 
iMween 12-35, and 15-i) per cent. 

(2.) Resistance increases with rise of temperature. 

(3.) The heat generated by the current, by Joule's law, is 448*0 as against 
478'9 for copper. 

(4.) On closing the circuit, an extra current takes place in the oppoute 
direction ; on opening, in the same direction. 

(5.) Longitudinal magnetization of iron influences its resistance. 

In eitamining tlie last (5) phenomenon, the great difliculty was to exclude 
the influence of temperature. An adiathermanous magnetising apparatus 
-was made by winding the copper on a wide glass tube, into which a caout- 
chouc tube was introduced, with a smaller glass tube within it ; the wire itself 
being wrapped in paper. 

Special arrangements were made also to reduce the intensity of (i) the 

These due precautions having been observed, a 
of reaistance, and a smftller permanent diminutior 
amounting to 3 per cent. 

A New Form of Specrrometer—iB described by Dr. J. W. Draper, differing 
from the ordinary- spectroscope, in the fact thnt whereas that deals with wave- 
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1- Turtb* and frequencr of ribrati"-::?, isi* awasTn^e* amplitades on the inten- 
^::v ani briHiancr of lizht. I: depend* on the optical principle that lurht 
'•£-.". "^zie? i::risible when in the pre:je=c« of li^ht sixtr-four timea men 

ni* 21 'i^ of 07*Tatitij i* a.« follows : — 

HesijT^ from the conimon thnw^t^ibed spectroscope its scale tube, and 
T *.i?r hjii-st the aprrrture isto which i: was screwed a piece of gha ground 
c- b:j «:ie«. In fr-ct of thi* arranire an oriicarr jasli^ht attached tot 
T-fxirlr :-V, ^c? that i^^ distance from thegT«?nnd s'lass mav be varied at pk** 
5 ire. • •:: !>:JdD^ through the telescope, the field of view is seen unifonnlr 
ill:iiiir.i-efi. the Vri:liar.CT depending on the distance of the casligfat, accord- 
ir.: z: lie ; riisArr phot*. metric law. This is called the extinguishiDfr ligfct 
If i: \^t 7 -: ::: f r a moment, and the luminoac flame of the Bmisen baniCT 
ic imzjr^i th-i". liS' spectrum is seen, on relish tinj* it a spectrum is seen in 
t^T zi^Lr. :: x de'.i "t '.irht, the bhlliancr of which can K? varied at plea- 
ju^^^. A? :hT :z:e->:tT ■:■:" the hitter i« increased, the violet first disappean, 
'.-■- irt :lrr zl re rTr'ranzible colours in their descendimr order, till it 
'.:r^'' ::■* r^* \*:zr re::: a:::*. The yellow never stands out ccn!«piruou«!T, 
ii ~ L':: -i"^? '-•^~ eipe.':«e»i. This is scaroely consistent with the opinion 
:!ii: :" T 7-ll.~- is ::.r brijitest of the rava. l>r. Draper, therefore, thirua 
:':li: :*i- ■;.:_■.-: :* :z:er.s:ty of the coloured spaces has a relation to the com- 
r>-i>::= .r .•:=:r-«An."*r ti-i: the prism is impressing upon them. To 
«• •"■'•• ■»'■'- iz-z :z:fr.s::T ::" :he exrlrjiiishing light, an exceeding'ly thin film of 
silTrr '.vA* iT?-:-::='i :n :he face of the prism which acts as reflector. 
T2">. :* .:j'- . -iTc :rA--7.-.rrr.: to the transmitted ravs, incrt'asedbv metillic 

rV.- >«.:.:■: -?:: ".a"t "^.is — .=. :e m:re -imply with sunlisrht, by intr«.Hiuciii;: a 
:-7.-.— •■- — A II: :. ?m:. ».r i I'-r.^-svir.rits spectrum on a screen. The winJuv- 
.-. .....^ Tv-v :'^:-' u::r^ r '.->* •^'T^e-.i t-"> admit ordinarv li.'ht. When th*^ 

,*- — --i -v^r:" w:i-» vrr. "V.r ir-rotrum was quite obiiteratt-d : on craduallv 
I." •:■ J :":. •-:. * - '-- '- '--' - ' >- -'.n:e ir.t-^ vi..'W.the otht-r Colours followini: 
•- -:■- :*>•■>-.•■_-•.":".."'.• !rr.\::?rr»l:tv of dispfrsion in various kind? of 
y..v>- :' : r ■: s^vr.: y- r.v '■*::> : ir.**. -.rr-oe t::-* results, nor did ditTerences in 
•'z-y rv."5. : -.e ;_r. .r :"..-. v-- i' : owrr* -^f liiifereiit observers. 

Dr. I'r.w-.r mw at r.*-. :v :?.-.• ..::<■•=>:. "kn-*pectnuu a mi'acs of testiar hi- 
viewi a- \V vj *:.!-;: V-""-- .•. _-r\ti: j. and the spectrum of the first onier. 
AS :'". ■ :" r>^ :' :2-: ■ \*.: '-:.'-. "::_■ :'. I.::!.: nation increas<Hl. all the c-'lourtl 
•?.;?'=■? '■:-'. :-.'i •- .■::."> ■" '- -i ■ .I'.M'v '.i*!y. re-apjearinjr in a similar mar.ner. 
T::e -sir.:- :'.v;:vr. i w:::: - '...r s w::': jr.sliijh:. 

/;?■.;'.' -v.* i 7".-- . -i."- '-: '. . — >!. ri;".:::' nd appears to have oven'on:*.* 
thr dirf.-* '.Itv :' rr J.: :' - ; ' i::cr}- : thi- nature tit t.» produce the il«'c:::v: 
Ilj-ht. It :? :" ':!::•.! ■:' :r^:: i*i? *--- vV .'t- -pt-'sitive elemi'nt. and of an alloy 
. f an:i::i.':.v ar.d ziv.- :' r :■:•.• L-«ative. They are arran^'ed in a circnlnr 
fomi. l.-at-.i i:: 'Aw ir.tvr: r. T::.- l.itost !onu c »n?i*ts of a number uf j^ieCi-s 
of c:ist ir-"*::. i:au:«-d :he ".•*•> *•.'-. >o arranjvi t!:at heat.-d air can circularo 
betwt-er. ihera. A lar-e -:ir:aoe i< t!iu* expo-ed to the heat, which tlit ir-.n 
collects, and comraunicatrs to the couples. The I)ifum- is the outside M 
the apparatus, and i-* mad*.* of sheet* ot' metal. The thermopile itsolf i* 
p)n ^ between these two, and is so armnged that the junctions oi' the 
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■e alternately at tUe temperature of the collector and of the diffuser. 
a patteni now in use for U^hting a workshop in Funa U 2^ metres high, 
1 1 metre in diameter. Another model, mode for the exhibition nt the 
Albert Hall, is square and Bmaller, though of the same power. Kach half 
if the cylindrical battery can be made to supply a powerful electric light, 
vhile the square one can produce four lights of half the brilliancy. The 
niotJTa force is, according to prolonged experiments, 218 Volts, about 
I 120 BuDsen cells, while the resistaoca ia only -31 Ohma. The 
e battery consumes or 10 kilogrammea of coke an hour ; the smaller, 
bout 6^ kilogrammes. The Inige external surface of the apparatus, radiat- 
ig ita heat to the aor around, tits it for warming purposes as well as for 
Siting. 

7%« Optical Stntctura of Ice has been investigated by Herr Klocke, who 

KMifiniiB the obsenatjoo that the optic axis ia at right angles to the Aurface 

whence the cooling proceeds. The ice flowers which first cover the ddes of 

1, however, have their principal aii? parallel to these. The axis, 

M. Berlin, hns a definite direction only after a fairly thick 

« has been formed, the first layer being confused in its mode of 

DryataJlization ; but llerr lUucke shows that the first needles shooting over 

lie surface are formed parallel to the principal oils, and their ice plates are 

idded to their ^des, the optic axis of which is at right angles to the surface 

)f llie water. 

The Temperature of Cnrbone givimj the Electric Light has been examined 
tj U. Roasetti, by means of a theiinoptle, the face of which is placed at a 
niitable distance to receive rays from a radiating surface of determinate size ; 
~ e thermal eSect being measured by a sensitive reftoctuig galvanometer. 
Be comes to the conduMons that — (1.) The positive pole has higher tempera- 
re than the negative. (2.) The temparBturas vary according to the inten- 
y of the current. (3.) They are higher, the smaller the radiating aur&ce, 
irovided it compriaoa the extreme point. (4.) In the negative pole the 
in. mil m temperature was 1910° cent., with a large radiating sur&ce of 
laJl brilliancy ; the maximum 3532° cent., the radiating surface being half 
e preceding, (5.) For the positive pole the minimum temjiernture was 
S312°, the carbon being large ; the maximum 3200°, with a thin carbon and 
hmall radiating aur&ee. 

The Vtloeity of the Wind at Sra has been tested by Admiral Serres in 
"le French Frigate La Magicienne, a Hobinson anemometer being observed 
duly at a height of 8 metres, and twice daily at that of 30 metreii, from the 
E> level. With very rare exceptions it was found much greater in the 
Irtter ease than in the former, the average ratio being 13 to 10, Hence 
e modem practice of increasing the high etuis at iha expense of the lower 
b justified by observation, 

A New jFowj of LednncM Batter^j has been introduced by the inventor, in 
which the high resistance of the older pattern is diminished, and the em- 
ployment of a porous pot is dispensed with. The carbon is surrounded with 
ft mixture uf 40 parts of pyrolaato, 155 parts of grain carbon, and 6 parts 
f redn, the latter acting as a cement. This comporition is heated to 100° 
But., and subjected to a pressure of 300 atmoapherea. It forms a homo- 
eoua cylinder, in the centre of which ia the carbon electrode, The in- 



ventor terms it the "conglomente nuxtiuv" tNUteij. Tbe Aoivao&n 
(iiTCo U niao Uglier thfta in ihe older fonn. He bms also leOMlIf ttfed 
d^polsriiing plfttus, which can be ruDt^wed from time h> tiiB<& neynt 
Buu])!^ Attachiid by Indlarubber rings to the carbon. 

It appcnnt from careful eiperiments that the elucLroiDoliTe fctw of lUi 
urangenieiit is 1'40 of n Daniell elemunt, and the resistaiooe wbcn a 
SiU. The elwtroinolivc force, however, diminiahea nipidlj wlteii theesienil 
nHOstiuico if! low, recovering quickl]'' wb@n tho batteiy is nl rent. 

Mfttro-Oplk Ohiervation* on FaHout Jjquid* form the subject 
by Dr. John Kerr, of Gloagow, following up his important ofaeemtiuiM b 
1875 on a new relation between electricity &nd light. Bo liiea abowsd 
tb« pOHBibility of inducing double refraction in glass, carbon di«ulphide, mi 
goTernl other dielectrics, by the application of electric force, ^c^ no« 
iiifihoB notes of a later and more eit«nded series of experiments on tile 
subject. The methods are BuhstautiaJly the same as before: but the n 
of ubaervatioD have been greatly iniproveil by aKoatance fmm the Qoiob' 
niunt Food, He ums a new plate cell, made of a block of selected pUu 
glass, three-quartors of an iuch thick and 8 inches long. Two fine holw *re 
drilled right through it ; one parallel, the other at right angles to its lensfti, 
crosaing in tho centre, equidiatanl from the two faces of the plate. Tou 
other boles are subsequently made through the plate ; oqh a tunnel, 1 inch 
high aud i inch wide; the second, a slightly tapering hole, into which b 
tittnd a glass stopcock, so as to open and close the yertical boring. ~ 
olootrio terminals within the tunnel are two balls of brass, a quarter of an 
inch iu diameter. To these two brass rods paag from the ends of the Unck, 
hAng made water-tight at the outer ends by india-rubber w 
braas balls are strongly electro-plated with ulrer, and turned in the latbe u 
as to present flattened spheroidal surfaces to each other, distant by ou 
eighth of an iuch from one another. The cell is closed at either end by pann 
of platii glass, ^^ inch thick and 2 inches square, with interposed abeeb e 
India-rubber, The whole is supported by glass pillars, terminating in a toUi 
wooden stand. All is then covered by a thick coat of shellac varnish. 

The cell thus coiistnict«d is filled with the fluid to be examined by mean 
of a small funnel drawn to a fine end. 

It is often necessary to introduce deriiiite and very faint linaEringeiil 
actions between polariier and analyier. For this purpose, slips ■ 
of [ilal« glass, ^ inch thick, i inch vride, and 7 inches long. When such I 
strip is forcibly extended by means of a weight, it acta on the 
light as does a positive uniaxial crystal, with it« axie along the line of la 
aon ; when cumprassed, as a negative of similar power and portion, 
are t«rmud optical ccimpensators, eome of which are fixed and constantl 
stretched by weights below uxteen pounds ; others are held in the has " 
with their bug axes inclined 46° to the plane of polarization. 

The various pieces are arranged as follows : — The ray is horizontal, tm 
uiahed by a flat paraffin fiame placed edgeways, passing fint thiougb i 
polarising Nicol's prism ; then tUri)ugb the cell above deMribnl, the t 
terminals b^tiig ounneulvd, one with the prima conductor of * 
machine, the other to earth. Then Cillow two compensalingpUtceaf gl 
mounted vertically, so as to admit of tbe attachment of etietchit^ « 
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botli. A third neutrali/in); pbtti ia s 
delicate observations. Lastly ia an [uialyzisg- Nicol'ii prism. 

The pnl&rizer ia fiiat placed at 45° to the axis of tlie electric field, and the 
Usljier turned to complete eitinction of tlie lay. The cell, with conduct- 
ing wires, is now interposed, and the light restored by the use of a band- 
CompensatoT, forming a line streali pasein)( midway between the balls in the 
The cell is then charged with clean liquid, and the electrical machinft 
is set at work. If carbon disulphide, by far the best dielectric yet discovered, 
lie employed, a alight movement of the machine restores the extinguished 
Ugbt in the polariscope. Aa potential TLses, the light becuroes quite brilliant; 
or taking a spark from the prime-conductor, it vaoiahes instantly. There 
Q rotation of the plane of polarization, since slight contrary rotations of 
the analyzer allect the ray equally and similarly. Oarbon disulphide appears 
to Insulate completely, Hpaika dntwu with the cell in circuit being of the 
nine length as when it is removed. The action of dielectrified carbon 
'Ksulphide ia thert'foi-e the same aa that of glnas extended in a direction 
jUsUel to the lines of force, and is a uniaxial birefringent action. Of the two 
leomponent vibrationa polarised in pianos parallel and perpendicular to the 
fines of force, the latter is retarded. Weights are now attached to the com- 
pensating sUps, caanng atrong permanent restoration from extinction of the 
Eght in the polariscope. If tbe maehiuo bo then worked, a broad horizontftl 
of darkoesB crosaea the flame in the axis of the field, becoming by 
« perfectiy black. With increased potential tbe fiame reappears as a 
in tbe centre of tlie baud, until tbe hand is broken up into two on 
'OppomtA sides of the axis, concave to one another. With rising potential, 
tiiey move symmetrically outwards from the bxL«, dividing the flame into 
three large tegmenta of equal brightness. When the electric action ia near 
■park-discharge through tbe liquid, the bauds cross the flame junt outside 
^e cylinder enveloping the two ballB, This experiment represents the 
«roBnng of positive uniaxial plat«a. With a tension of 12 to 16 lbs., the 
lands are distinct, narrow, sharply defined, and very black. 

Benzol, toluol, xylol, cumol, cymol, terebeue, and amylene, were tried in 
Jie same manner, yielding similar results. Carbon dichloride stands aome- 
"What above benzol. Nitrobf-nzol, tested in the usual way, acts as a good 
eonduetor, and gives no optical eflect. If, however, the earth wire be dis- 
oonnected, and a spark taken fnlm it to the band at the instant of discbai^, 
ihare is a strong restoration of light from extinction. The same efff ct occurs 

e distinctly with amylene. 

Stannic chloride gnve remarkable but not easily defined rfsulta. Young's 
pfcraflin oil gave fine effects, similar to carbon disulphide. 

The fixed oila of olives, sweet almonds, poppy seed, rape seed, colza, 
mustard, linseed, nut oil, lard oil, and neatafoot oil, acted oppositely to 
carbon disulphide, Auimal mI, such 08 sperm, act^ d similarly to that aub- 
Mance, and in an opposite manner to every other fixed oil. 

On the CapiUtiry Fbmotnena of Jets is the title of a communication 
from Lord Rayleigh to the Royal Society. It is in a manner supplementary to 
» previous paper "On the Influence of Electricity on Colliding Water Drops," 
•batracted in our Summary of July. Water issuing from a circular orifice 
'Under pressure, though forming a contracted vein, remains circular. If ti^ 
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orifice \te not (nrcul&T, the eection of the jet □ndeTgoea renwrk&Ue trudbr- 
matioas, the peculioiitiBs of the oriGce bebg inverted and ez>ggaTkt«d in 
tlie jet. With en elliptical orifice of which the major kob is horiioiittl, 
the jet hecomcB circular at 30 tinea, the Tertic&l oiis then incr«Aaing tOl tht 
yfia spreads into a flat Teiidcal nbeet which preeeTTes its conlinuitj to Gwt 
Stom the orifice. An orifice shaped lu an eiiuilateral triaagk fiimiahsa ■ jM 
compoHed of three flat aheete diaposed sjmmetricallj round Uiti uit, tluir 
planes being perpendicular to the eides of the orifice. A vda idnung frcdu 
a regular polygon of any nuoiber of aides resolvee itself into an equal 
her of thiu sheets, with planes perpendicular to the sidas of the polygon. Thia 
eitenaon of the ^eeta has, however, a limit, and eections lakeu at gi'eater dia- 
tancefl show gradual shortening, ending in a return to the form of tbe first eao' 
traction. Beyond this point sheets are again thrown out, again 
original figure. The explauatioD of the phenomcDon seems to depend ou capil- 
lary force. The fluid behfives asif enclosed in an envelope of canaianttenaon, 
the recurrent forms of the jet being due to vihiations of the fluid etduma 
about the circular figure of equilibrium, superposed upon tlie general pnt- 
gresaiTe motion. The distance between coDsacutire corresponding pcnnta of 
the recurrent figure, or as it may be called tbe icai!e4enffth of the figure, !• 
directly proportional to the velocity of the jet, i.r. to the iquare root of tb« 
head of wat«r. But little variation in the mognitudes of successive i 
lengths is to be noticed, even in tha case of jets falling vertically with 
initial velocity. In the experiments described, tlie jets issued horijootallf 
from orifices in thin plates adapted to a large dstem. 

Tables of seven sets of eiperitaents follow, giving the observed 
length and equare root of pressure for difierent heads of water. At tlu 
higher pressure? the observed wave-lengths have a marked lendeucy to Id^ 
crease more rapidly than the velocity of the jet. Tbe orifices were roetaa- 
gulor, elliptical, triangular, and »quare. It was found that the value of 
A depends on the nature of the fluid ; loetbylated alcohol, for instance, gan 
a wave-length twice that of water. If a jet of mercury diechaiging into 
dilute sulphuric acid be polarized by an electric current, the chan^ in llw 
capillary constant, diccovered by Xippmaun, shows itielf by nluratioM 
the length of the wave. A mathematical investigatioD of the above hcli 
follows. The flow of a vein from circular orifices is neit adverted to^ 
its resolution from a cylinder into drops. This phenomenon is intich ior- 
fluenccd by vibration of the orifice under the impact of the jet, and 
tbe difdntogration of the jet establishes itself with complete reg-ulati^, \\ il 
attended by a musical note. Tbe pilch of this, due to a jet of ^r^ 
diameter, issuing under a given head, enables tbe wave-length of tbe 
divimons tn be at once deduced. The most certain method of ol 
<!omplete regularity of resolution is to bring the reservoir under the inflmoc 
of an external vibrator, the pitch of which is approximately llie sameaa <' 
proper to the jot. Savart found that the note might be a fifth above, 
more than an octave below that proper to the jet. An electrically m 
tiuued tuning-fork is perhaps the best apparatus for the purpose. In 
quence of the rapid motion, some optical device is nece^iiiary to 
apparent tbe phenomena attending the disintegration of the jet. Tbo 
he jet thrown on n ground glass screen &om the electric spark 
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■Rested ; or tha jet iUelf may be obeerred if illuminated hj the 
k difiuBed by passing tliroiigh ground giMS. The electrically 
jnunnined forlc may be mode to perform tbe double office of coDtroUing' 
tbo renolution of the jet, and of interrupting tlie primary current of the 
OOiL The jet tUen illuminated in only one phase nppUBre perfectly fteady, 
1 may be exataioed at leisure. In aa appendix to this powerful but 
iceful monograph, the mathematical investigation of the motion of friction- 
B fluid under the actiou of capillary force, in the form of an infinite 
Bular cylinder, and the vibrations of a liquid masa about a spherical 
lire, is worlied out at some length. 



ZOOLOGY. 

MorphiJogy of tht Nenxia Bt/item in Diptermu Intectt. — Mr. J. Kiinckel 
la lately communicated to the Academy of Sciences (Compl.es rendut, 1 Sep- 
nber, 1873) a summary of the resulla of his researches upon the nervous 
Item in the Biptera, He finds that in the armngement of the ganglia 
nning the central chain, there may be a close centralization or union of the 
hole into an aliuoat continuous mass, or an eitreme separation of the 
rvous centres, witli the most various intermediate groupings; but, at the 
me time, each family has iia nervous system constractad upon a peculiar 
id invariable plan. One of hia most curious results, is the discovery that 
certain groups, namely, the Stratiomyidie, Tabanidie, Syrphids, Cono- 
di8, and certain Muacidffi Acalyplene, the prnglia which were nriginaily 
lited in tha larva become separated during the passoge of the insect into 
e pupa ; so that instead of being shortened, as in many insects, by the 
rproximation of the ganglia, and the fusion of some of them, in these fliea 
e ganglionic chain is actually lengthened in tha imago, and some of the 
tDglia are passed into the abdomen. 

In accordance with the evolution of the nervous system, M. Kiincbel 
miggesta that the Dlptera may be divided into three groups; — 1. Those 
which follow tha ordinary law, and in which some of the ganglia become 
fnsed together during the passage to the piipn stjige (the Nemorera of the 
older Entoraologiatfl) : — 2. Those in which the ganglia separate at the same 
epoch (the families above-mentioned) : — and 3. Tho?e in which the thoradc 
and abdominal gnnslia remain confounded, as in the larvio (Muscidie Calyp- 
tewe, (EstridsB, IIi[i]ioboscide, Nycteribiidcc). In nil Diptarn the gan/lia 
«re distinct and clearly separated in the embryo. In the lanm of the first 
group they remain distinct; in those of the two other divisions, they tend 
coDBtantly to approach each other, their coalescence increasing with the 
growth of the larvEB. In the pupm of the second group there is n phenomc- 
of reversion, the nervous centres again separating; whilst in the pupea 
the third group they remain associated in a single moss. 
M. Kiincbel passes in review the families of ^ptera, which, as he says, 
difierin the value of the extomal characters on which they are based, and 
indicates the following as approiimately equivalent groups : — the Hippobos- 
cid», Nycteribiidffl, CEatridre, and Muflcidte Oalyptene, which have the 
tiioiacic and abdonunol centres united into a single mass, may form as] 
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gronp; tl»6 Oonopidffi, and tho gfeater part 'of the Bri»cid« Atiijjkm 
haviiig one thoracic and one abdominal centre, maj form a second', iIh 
Sjrpliidw, with one thoradc and two abdomtDal centres cunstitate « lliiid 
very natUTftl group ; the Tabanids and Strati omyi die, with one thorack tnd 
five abdomioal massos, a fourth ; the Therevidie, which have tiri> thiinck 
and five abdominal centres, and the Scenojnnidn, with three ibotadc ud 
five abdominal masses, form parts of Bpedal groups; whikt a WTcnli 
Bcction, having two or three thoracic centres, more or less confoiuu]i«d, aad 
always six abdominal c;entre», includes the Xylophagidffi, Empidce, AdMm, 
Bonbyliidsi, Bibionidce, OulicidiB, Tlpulidaj, &c. This propi^sed gtoupbg 
■will hardly be accepted by entomologists, although in some porlicukn it is 
Tery auggoativa. 

The OgjAofic Oanglia of latecli. — M. N. Wagner de«a-ibes the stroctati 
and fuDctionfl of the ring of ganglia surrounding the osaopbagoa b iniectt 
(OHnplei rendat, August 11, 1879). According to him the Bubcetoph«j:«al 
ganglion has nothing to do <^th the general co-ordinatioD of the ouivemenB 
of the insect; it chieSy governs the organs of the mouth, and dilfen but 
little in its histological structure from the other knots of the ptn^ioiiie 
chain. The supro-cesophageal ganglia he regards as truly cerebral, wid u ^ 
seat of nearly all the functions of the cerebral betoispberea of the rertebnts. 
Hence their structure is more complex, although they are constructed upas 
the same general plan aa tho other ganglia. In the middle they piweDt 
bundles of nerve-fibres, whilst the nerve-cells cbleflj occupy tlie peiipkeiy. 
Towuds the centre of the ganglion there are three small groups of cells out 
above the other and communicating by numerous fibres. The faiwuuft 
group has the closest relations with the convolutions (or faoree-ehoe bodies), 
which are particularly well-developed in the aocial Hjnunoptera, the moit 
intelligent of all insects, and the author states that the development of tbew 
parts is coincident with the intellectual development. Thus it is most re< 
markable in the worker ants and the worker bees, nnd leas strildDg in tbs 
female ant and queen bee. These parts are rudimentary in the t 
From the sides of the ganglia issue the lobea which go to the compoiml 
eyes. Those are oval, and formed in the middle of short cylinden arranged 
in rows. These cylinders ^ve origin to fibres which penetrate tn the b«M 
of the brain. In the external part of the optic lobes these fibres inlercroM 
and present the form of two flattened cones with their apic«s turned to wardi 
each other. In this way the fibres of the left ttide appear on the light nd«, 
and the inferior fibres become superior, and each fibre by thua changing iu 
direction enters into the cnnstitution of the optic nerve which runs to ea^ 
of the eyes forming together the compound eye^i. This organization probnblj 
causes a perfect coincidence of all the optical itupreesions received by 
eye. 

Nnix» of the Ffotmcia of I)iptera.—M. Jules Eiinckel has exu 
into the terminations of the nerves in the proboH^s of Iha Kpt«n 
{Attoc. Ji-oiif. Avancmi. de* Sd., 1878, p. 771). He remarks that iba 
proboscis terminates in two valves, which, in repose, are Iwd agunst rack 
other, but during suction are applied to the surface attacked so m t 
slitute a regular sucking cup. These valves represent the labial p*l[da 
^Wir internal structure presents a peculiarity well known to miorosoojustas 
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they contain a Inrge tube, from which iesue numeroiu hroDcbes in ft digitate 
form, and all tixese parta present nn appearance like that of trachaffl. Tho 
name of fniie-lrachete which has been giy^n to them ia perfectly justified, as 
they have no Communication with the true txacheary apparatus, their prin- 
cipal function being to support the interments of the palpi, wliilst a. true 
trachea ramifies in these organs. Pnrallel to the large trunh of the falee- 
trachece the labial nerve may be traced, of comparadTely la^e aixu. It 
speedily divides into two part^, and emita a multitude of ramiScations to 
the periphery and inner surface of the Tnlves. Those nervous filainenta 
which run to the periphery go to the numerous and greatly developed burs 
with which the margin of the valve ia fumuhed ; those which go to the 
inner surface on the contrary terminate at rudimentary hairs, reduced tn a 
minute chitinous cylinder, 

On examining the nervous terminations which run to the marginal hairs, 
it will be found that a filament separates from the ganglionic inflation, and 
goes to the hair, as has been already described and figured by M. Johert, 
but that it terminates in the interior of the hair at the point where tho 
latter it joined to the integument by a mombranoiu part. On the other 
hand, in the case of the tenuinationa which go to the rudimentary hairs, 
the filament will be seen to traverse the little cylinder and project outside 
in the form of any fine and delicate rounded point. There are thus in the 
proboscide* of the Biptera (MuecidiB and Syrphidie) two kindn of nervous 
terminations — one set connected with well-developed hwrs, which are no 
doubt tactile in function -, the other with rudimentary hairs of peculiar 
ibnn, which are probably gustatire. 

Tke VertArate Skeieton. — M. Sabatier has propounded certain views as to 
the DAture of the Verf«brat« Skeleton which are slightly at variance with 
generally-received opinions, although we fancy that something analogous 
has already been suggested more than once. M. Sabatier denies the eiif^- 
ence of the vertebral type, and regarda the vertebra as nothing but the 
solidification of an intermuscular axis of connective tissue, the appendages 
cf which are contingent and depend on the development and arrangement 
of the muscular system. Leaving out of consideration the crauum, thu 
-rertebral compodtion of which he regards as untenablo in face of embryo- 
logical data, M. Sabatier remarks with regard to tho rest of the vertebral 
column : — 

1. That the pointfl of ossification are extremely variable aa to numlrer and 
pontion from one moment to another. 

2. Thatthe typical parts of the vertebra are often deficient, as, for example, 
the centrum, which is sometimes only an appendage of the neurapophyses. 

3. That the parts of the vertebra are wmetiDies autogenous, sometimes 
heten^nous. 

^L 4. That the caudal ribs or hsmal arcbfls of the tail in fishes completely 
^Eeliange their signification, according as wo have to do with osseous fishea, 
^Hd ■which they are formed by the parapbyses, or with cartilaginous fishes, in 
which they represent true ribs. 

6. That the lateral apophyses of the body of the Tertehra are muItipUed 
where the muscular system ia complicated. Thus the four lateral apophyses 
ot tlie lumbar vertebra of the dog and of the large carnivora ori^oate from 



;ai{ •saKsa.Tt :£m, «frnrV a&eccie of ^» daml wtrbne, Iwesuae the 
JZ3LK 3XiBseit±s ms^in £=«BX <fcin/<iLf I'u and sah^T tliebr tendons at the 
jfs^ r^'aie ji.'fEZ& 

HaiK M- SaJasifr £caebia» ikis tt^ Tendnl trpeeanipoeed of neceaeuj 
-«{imki!rs &>» ZL-c :*9kl7 eiSfC ssid Att iJk mpopkymij elements of the 
ir>£iiKd 17 ^v ecQfcitiiizB of tke ■!— iilsi srstenL — (Assoc 

JSMynhjy «w rber,— Ibf u-ima ai Hedffcto is geDetmllT described asa 
zinral 'SOBHT «: soi£» nf aZ i3&2&.aad h ha» been i«ppo«ed tliat he enjoTBsn 
InjL i^} -ir:aL ai^ gfeeg rf^^Htes of tS>eT^Ba3«>o» spedea. M-Samiewitli 
c^afccrr vii:± 7«mz=ii$ ooie c/ 1^ innts of niiae^ 



LBf '^ ii^Tu r t^ ?i>^^3rr iaT$ cf t^ liaf . idtfaa aD tlie partieiilazB of a 
CXXL3KS vi^^ 2a* €xs»i lifCv^Ks a H€«irdkv and a Viper ( Vetera aqm), 
TV H4ii«-2LY anKS?ed ^2k* asake a» aocc as he was aware of its preseDce, 
u: h ii 12k* f^ss ;uac« as 1^ hiader past of tke hodj, and oontinni]^ 
>*yaTV G3^ H« 1-r— >^Kt* cogb^ was reduced to a helplese sttte^ 
■ii ^ eciESfefciwd ««ii=:r 3 as s^ tail cod ; afterwards, prooeedii^ to the 
baai. b^ ea?«!fsl> >f s^z^ed aai deiv««»d the lover jmsr. Hie Viper wm 
sdU a^hv. Tb:^ aioss i=t«f:yaci:^ pciss hrcwht oat br this experiment of 
M. Sa=»e*s 3» t^ a>i^ 12 w^d:^ iht TLeisAyg defended himself againrt 
the dasjcer.N3$ wvm^^cis paaseaEed br his aivenazx. IVhen bitten, the \lper 
at £rs< taraed to strihe its aRa£^t. when tibe Hedgehop immediatelj drew 
fcrwani OTe-r his kaai ^at esms ?i spinas whidi forms the front part of lus 
d^ JeoMv : a=>l wbfc the ssake struck opn-iDomhed at its perseeotar, its 
attack was i:l^i Vt this f.^r=idable c faff dig - /i t iw . Several timee the mmd 
mazxeurre was r^^peated. until the s:sake*9 month was so seTerelT laoexated 
that i: nc» I:=jrer srsesirted to xse its fttngs, Int sought safety in Tain in 
dLrht. Thr? H^L^^a v trv*^ ^entlT r.C^ himself up for a time after having 
made an anack :ip:s his rictin. M. Sarnie's T«$nhs are interesting, but it 
is clrAT that b:? has =.: t tl^ f^?ar of actiriTisectkcijts before his eves.— 
{Att^ &c. ZtJta. de Bifrd^fSiLr, 1S7S, p. ^-57. > 

Habit* of Sp^emodom y^HaCt^riaX — Dr. W. L. BaDer has eonunnnicated to 
the New Zealaxxl L::stimte some obserrations relating to the habits and 
espedallv the foi>l of the carious lizards forming the genos S^f^emtdcn (or 
Hattfriai), two of which \ S. pumctatiu and 5L GMmtAeri\ are now known to 
inhabit New Zealand. In capUTity his specimens ate nothing for a consider- 
able time, but on the approach of summer they fed freely, eyincing a pre- 
ference for dies and Ootai<e. Oi ihe latter they sometimes deToored fifty in 
a dav. Thev also fed freelv on earthworms. After yarioos Tids^dtudes 

• • • 

including a period of yioient cannibalism, it was accidentally found that 
they devoured small sea dshe* three or four inches long with great aTiditr, 
a circumstance which, considering their general unwillingness to feed except 
on what may be regarded as their natural food, would lead one to suppose 
that small fish ordinarily form part of the diet of the Sphenodona. This 
would account for their fondness for water, in which they pass much of their 
time, and Dr. Buller found that they took to sea-water quite as readily as to 
fresh. He thinks that in their wild state they are probably amphibiooa.— 
' Trans. New Zealand Inst., vol xi. p. a40.) 
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